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resumo 
 
 
Com o contínuo crescimento do envelhecimento da população, tem havido um 
interesse progressivo na área da gerontecnologia. No caso específico da 
indústria dos jogos digitais, os cidadãos seniores fazem parte de um grupo de 
consumidores com poder de compra e tempo livre, pelo que é essencial 
compreender o papel dos jogos digitais no seu bem-estar e atender às suas 
necessidades e preferências. No entanto, continua a prevalecer uma falta de 
informação e de produtos que abordam o exercício físico nas inter-relações 
entre o ciclismo, turismo, jogos, gamificação e cidadãos seniores. O objetivo 
desta investigação é compreender o uso de estratégias de gamificação para 
motivar os cidadãos seniores a aderirem ao cicloturismo. 
 
Esta dissertação reporta a utilização do Método de Investigação de 
Desenvolvimento, tendo como base os seguintes métodos: grupos de 
discussão, eye-tracking e entrevistas. Um total de 46 participantes (7 
participantes de grupos de discussão, 8 participantes de eye-tracking e 31 
ciclistas entrevistados) foram envolvidos nesta investigação. Após a revisão da 
literatura, trabalho relacionado, e os resultados obtidos de cada método, 
procedeu-se ao co-design e prototipagem uma app de cicloturismo designada 
Jizo. 
 
Os resultados indicam que certas técnicas e elementos da gamificação podem 
desencadear as motivações dos cidadãos seniores para o cicloturismo, além 
de serem partes essenciais e integrantes de um aplicativo deste contexto. Os 
elementos destacados foram as relações sociais, progressão, desafios, 
competição, feedback e recompensas, na medida em que eles têm um papel 
importante na pré, in loco e na pós-experiência. Estes dados suportam a ideia 
da capacidade da gamificação para motivar o cicloturismo sénior. 
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abstract 
 
As the aging population continues to grow, there has been an increasing 
interest in the subject of gerontechnology. In the specific case of the digital 
game industry, senior citizens are becoming better consumers due to their 
purchasing power and free time, so it is important to focus on the role of games 
to their wellbeing and meet their needs and preferences. However, there is a 
general lack of information and products that address physical exercise in the 
interrelationship of cycling, tourism, games, gamification and senior citizens. 
The aim of this research is to understand the way gamification interventions 
can motivate senior citizens to adhere to cyclo-tourism.  
 
This dissertation reports on the use of the Development Research Method, 
deploying a broad array of methods, including focus groups, eye-tracking and 
interviews. A total of 46 participants (7 focus group participants, 8 participants 
in eye-tracking and 31 cyclists’ interviewees) were involved in this research. 
Based on the literature review, related work and the insights from each method, 
a cyclo-tourism digital app entitled Jizo was co-designed and prototyped. 
 
Findings indicate that certain gamification techniques and elements can trigger 
senior citizens’ motivations towards cyclo-tourism, being essential integrative 
parts of a digital app in this context. The elements highlighted were social 
relationships, progression, challenges, competition, feedback and rewards, 
having an important role in pre-, in loco and post- experience. These data 
support the view on gamification capability to motivate senior cyclo-tourism. 
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Introduction 
Considering today’s sedentarism in senior citizens that is associated with an increased risk 
of mortality (Rezende et al., 2014), the growth of an aging population and the prevalence of 
mobility and health impairments, several studies (e.g. Webb, 2008; Groot & Fagerström, 2010; 
Derboven et al., 2012) have shown a renewed interest in combining home and outdoor fitness 
with digital games, while engaging senior citizen’s communities with digital platforms. 
According to the World Health Organization (2002), a steady growth of people aged 60 and 
over has been observed in comparison with other age groups. It is estimated that this growth 
will be nearly 223% between 1970 and 2025 and a total of 1.2 billion people over the age of 60 
will inhabit the world in 2025 (WHO, 2002). In Portugal, there will be 317 senior citizens per 100 
youngsters by the year of 2080 (INE, 2016). 
According to Pak and McLaughlin (2010, p.1), “age is an indicator of how long one has lived 
but is not a complete indicator of a specific individual’s capabilities and limitations”. The same 
authors suggest a number of different indicators to take into account when assessing the context 
of use of Information and Communication Technologies (ICT) in senior citizens: their familiarity 
with interface conventions and use of current digital platforms; and perceptual and cognitive 
changes, as farsightedness, need of glasses, hearing aids and memory challenges. Indeed, these 
aspects are likely to have a major effect on the success of an app, digital game or other digital 
platforms. 
The purpose of this research is to understand the way gamification can motivate senior 
citizens to adhere to cyclo-tourism (i.e. Research Question: “How can gamification motivate 
senior citizens to cyclo-tourism?”), by recognizing and meeting their needs and preferences as 
gamers. The keywords ‘Senior Citizens’, ‘Gamification’, ‘Motivation’ and ‘Cyclo-tourism’ will be 
the impetus of this theoretical framework. 
This research is supported by the SEDUCE 2.0 project1 POCI-01-0145-FEDER-031696 
(SEDUCE 2.0 - Senior Citizen Use of Communication and Information in miOne community), 
which has the following goals: (i) assess the impact of psychological variables and sociability on 
senior citizens through the use of ICT in the context of the online community2; and (ii) contribute 
 
1 www.seduce.pt (Accessed: February 2019) 
2 www.mione.pt (Accessed: 27 July 2018) 
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to the growing development of the online miOne community with the active participation of 
senior citizens. This community embodies the following functionalities: communicating tools 
- email service and an instant messaging service; health information; news information; 
games; and an area for sharing personal interests and experiences.  
 
The Research Problem Statement 
The inverting European demographic pyramid, especially the Portuguese one, illustrates the 
exponential growth of the aging population, in comparison with other age groups. Furthermore, 
senior citizens tend to often represent a vulnerable group at risk of social and digital 
marginalization (Marsili & Capacci, 2014).  
Given the high dependence on digital platforms to perform daily actions, the current gap 
between senior citizens and younger groups may enlarge owing to, for example, both the age-
related physiological and psychological changes and the lack of concern with the usability, 
accessibility and context of use in virtual environments (Zheng et al., 2013). 
Differences in the usage of technology may also be dependent on such aspects as income 
disparities, perception of actual need to use digital platforms, products being too difficult to 
learn to use, among others (Olson et al., 2010; Fisk et al., 2009). Explaining the potential ICT 
benefits is, therefore, essential in order to increase the adherence to such products. 
Two tendencies often associated with age may arise: a decline in physical exercise and a rise 
in the likelihood of chronic disease. Hence, the group of senior citizens is of interest to those 
concerned about public health (Nyman et al., 2018), and an increasingly need to re-invent 
strategies for sustainable active aging and healthier lifestyles is brought to the fore in public 
debate and social policies (Costa & Grist, 2017). 
Physical exercise is an intervention with many known positive physiological and cognitive 
effects, since it is a strong gene modulator that affects structural and functional changes in brain 
plasticity, giving enormous benefits to individual’s wellbeing (Mandolesi et al., 2018). Research 
on the use of game-based exercise interventions to encourage cognitive health in senior citizens 
(Anderson-Hanley et al., 2012) has suggested that the use of a stationary bike or a cybercycle 
exergame improves senior citizens’ health, with significant benefits to the senior citizens’ 
executive function (Anderson-Hanley et al.,2012).  
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Despite these cognitive benefits of physical exercise in later life, only a small fraction of 
senior citizens do exercise at the recommended levels (at least 30 minutes a day) (American 
College of Sports Medicine, 2009) and that fact has led to the proliferation of studies (e.g. Smith 
& Schoene, 2012; Barnett et al., 2013) that examine the use of exergaming technologies 
(Microsoft Kinect3 and Nintendo Wii4), to motivate senior citizens to exercise by integrating 
digital game features and physical exercise activities (Lieberman, 2009). 
 
The Research Question 
A research question was formulated based on the problem statement and the quality 
criteria of clarity, feasibility and relevance (Quivy & Campenhoudt, 2008). The research question 
is: 
“How can gamification motivate senior citizens to cyclo-tourism?” 
A qualitative method approach was used in order to answer the research question by 
analysing the literature and carrying out a set of co-design techniques, focus group sessions, 
interviews and eye-tracking, in order to identify the main characteristics that a gamified app 
should have to motivate senior citizens to cyclo-tourism. The study addresses the following sub-
questions: 
i. “What are the current market-oriented digital apps that address cyclo-tourism?”; 
ii.  “What are the gamification elements and techniques that can be applied to a cyclo-
tourism app?”; 
iii. “What are the main difficulties that senior citizens have when interacting with the 
games’ interfaces?”. 
 
 
3 https://developer.microsoft.com/en-us/windows/kinect (Accessed: 15 November 2018) 
4 https://www.nintendo.com/wiiu/what-is-wiiu (Accessed: 15 November 2018) 
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The Project Aims and Goals 
The aims of this research are to design a gamified app that motivates senior citizens to cyclo-
tourism and identify the game features that would serve that purpose. 
The main goals answered by the literature review, focus group and interviews are: 
i. Study how games and gamification can motivate senior citizens to cyclo-tourism;  
ii. Analyse the potential of bicycle exergames and gamified apps for senior citizens; 
iii. Understand the preferences and intentions of senior citizens to play;  
iv. Explore the main guidelines to create a gamified app adapted to this target 
audience. 
The specific goals answered by the co-design session with the participants are: 
i. Involve the participants in the design of a gamified app design through the use of 
co-design sessions; 
ii. Draw up a prototype adapted to senior citizens; 
iii. Test and evaluate the prototype; 
iv. Understand the senior citizens’ motivations to use gamified digital apps. 
The specific goals answered by the eye-tracking session are: 
i. Identify the senior citizens’ difficulties when interacting with the digital app Jizo. 
 
The Analysis Model 
The analysis model is designed to organize and clarify the research-based concepts, 
dimensions and indicators (Quivy & Campenhoudt, 2008). It is divided into concepts that are 
based on the research question and its keywords, dimensions and indicators. Table 1 presents 
the analysis model of this research. 
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Table 1 - Analysis Model 
Concepts Dimensions Indicators 
Senior Citizens 
(e.g. Vaz-Serra, 1986; Demirbilek, 
1999; Kalache & Keller, 2000; 
Antonucci, 2001; Aison et al., 2002; 
Llano et al., 2003) 
Socio-demography 
Geographic Distribution 
Social 
Aging Process 
Physical Effects 
Socio-Psychological Effects 
Gamification 
(e.g. Keller, 1987; Fisk et al., 2009, 
Deterding et al. 2011; Zichermann 
& Cunningham, 2011; Werbach & 
Hunter, 2012; Veloso & Costa, 
2016; Chou, 2017) 
Elements 
Dynamics 
Mechanics 
Components 
Theories 
ARCS Model 
Behavioural Model 
Octalysis Framework 
Self-Determination Theory 
Design 
Simple 
Feedback 
Captions 
Interaction Keys 
Rankings 
Tutorials 
Motivation 
(e.g. Maslow, 1954; Vallerand et at. 
1989, 1993; Ryan & Deci, 2000a, 
2000b; Taylor, 2007) 
Amotivation Absence  
Intrinsic 
To Know 
To Accomplish 
To Experience Stimulation 
Extrinsic 
External Regulation 
Introjected Regulation 
Identified Regulation 
Integrated Regulation 
Cyclo-tourism 
(e.g. Smith & Jenner, 1997; 
Loverseed, 2000; Spinney, 2006; 
Alff, 2011; Resende & Filho, 2011; 
Cox, 2012) 
Tourism Senior Tourism 
Cycling 
 
Sport Cyclo-tourist 
Punctual Cyclo-tourist 
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Figure 1 - Research Development Method. Adapted from Maren (1996) 
As shown in Table 1, the analysis model is divided into the concepts of ‘Senior Citizens’, 
‘Gamification’, ‘Motivation’ and ‘Cyclo-tourism’ that are based on the research question “How 
can gamification motivate senior citizens to cyclo-tourism?”. All these concepts are explained 
throughout this document, as well as its correspondent dimensions and indicators.  
• Expected Results: 
In this dissertation, a co-designed prototype of a gamified digital app addressed to senior 
citizens in a cyclo-tourism context is developed. Similarly, this study aims to demonstrate the 
potential of gamification to senior cyclo-tourism. 
Based on the literature review, it is expected that gamification can motivate senior citizens 
to adhere to cyclo-tourism, because it can induce intrinsic motivation (e.g. increase user’s 
satisfaction, convey optimism, ease social interaction and provide meaning) and extrinsic 
motivation (e.g. earn awards/badges or reach milestones). Tourism and cycling are activities that 
senior citizens tend to like and engage, not doing it more often due to age-related inabilities 
(Patterson, 2007; Pucher & Buehler, 2008) and a set of constraints (e.g. bicycle maintenance, 
performance tracking, social relationships, training, route design, etc.). Therefore, a gamified app 
can be the solution to this known but unexplored problem.  
 
The Research Method 
This study follows a development research method owing to the fact that there is almost 
non-existent studies or reports that cover the case of gamification in cyclo-tourism, especially 
addressed to senior citizens.  
The research strategy is divided into three key steps of development, as shown in Figure 1 
(Maren, 1996).  
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The first step entitled “Analysis and Evaluation of the Situation” refers to the analysis and 
evaluation of the research problem, based on the literature review, analysis model, focus groups 
and interviews. In the literature review process, information was gathered by searching the 
concepts of the analysis model (i.e. senior citizens, gamification, motivation and cyclo-tourism) 
in scientific data bases (e.g. Scopus5, Google Scholar6, Web of Science7). The most used digital 
applications in both cycling activities and tourism were studied in order to identify their key 
functional requirements and understand its relevance in the cyclo-tourism context and 
suitability to the target group; 
The second step entitled “Conception and Design of the Prototype” starts with problem-
solving led by the researcher, in which there is an attempt to understand senior citizens’ context 
and familiarity with digital devices and interface conventions. Both the researcher and 
participants generate game ideas and, subsequently, participate equally in the co-design 
process. The co-design sessions embody such strategies as brainstorming, scenario building, 
semi-structured interviews, sketching and collage. Consequently, the principle “design by users 
and for users” provide better results with higher success rates than only relying on the designer’s 
role (Demirbilek & Demirkan, 2004); 
Finally, the third step entitled “Implementation and Evaluation” is devoted to the 
implementation of the prototype that was based on the literature review, focus group and 
interviews’ input, and participants’ evaluation, using a questionnaire and eye-tracking. A demo 
of a gamified app, which was played and tested by the participants is presented, while the results 
are collected. In this step, both the researcher and participants collaborate in the design process, 
using participant observations and co-design techniques. The end-user’s comments were taken 
into consideration for future improvements of the prototype that was build. 
 
My Personal Motivations 
I always wanted to take risks and explore new worlds, so, in my bachelor’s degree in 
Languages and Business Relations, I had the chance to study new languages, such as Chinese. It 
 
5 https://www.scopus.com/home.uri (Accessed: July 2018) 
6 https://scholar.google.pt/ (Accessed: July 2018) 
7 https://www.webofknowledge.com/ (Accessed: July 2018) 
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was very challenging, but not enough. Although my background was in Science, Languages and 
Marketing, I decided to take a Master’s degree in Multimedia Communication in order to use 
what I’ve learned but also to embark on something more enthusiastic and inspirational. 
During my Master, I have learned how to create digital games and gamified apps with 
attractive narratives, in order to meet the context and motivations of senior citizens. I also 
participated in the SEDUCE 2.0 research project and it caught my attention and interest in this 
field. 
In this research, I had the opportunity to spread my wings of creativity and take steps into 
the unknown, which led to this project, something new and unexplored – Gamification and 
Senior Cyclo-tourism. 
 
The Dissertation Structure  
This dissertation is mainly divided into six chapters. The document begins by introducing the 
research theme. It will then go on to the theoretical framework and related work, such as 
exergames and apps for cycling and tourism. 
The first chapter entitled “Senior Citizens” covers the social-demographic changes in society, 
the physiological and psychological effects of the aging process and leisure activities for active 
aging. 
The second chapter introduces the concept of Gamification: the elements, theories and the 
design process. It also addresses the topic of Motivation, embodying the concepts of Intrinsic 
Motivation, Extrinsic Motivation and Amotivation. 
The third chapter introduces the Related Work. Several studies and applications of 
gamification in tourism, cycling exergames and gamification in cycling are discussed. 
The fourth chapter focuses on Senior Tourism and Cyclo-tourism. The concept of Tourism is 
covered, as well as cycling in tourism and cyclo-tourism organizations. 
The fifth chapter is devoted to the Empirical Research and it is divided into the description 
of the method, the techniques and tools used for data collection, contextualization of the 
INTRODUCTION 
GAMIFICATION AND SENIOR CYCLO-TOURISM: DESIGNING AN APP FOR THE MIONE COMMUNITY 
 
 
9 
University of Aveiro | Master in Multimedia Communication | Cláudia Ortet 
research, the conceptualization process, the design, implementation and evaluation process, 
data coding and analysis. 
The sixth chapter deals with the results that come from the co-design sessions, the 
prototype and recommendations for designing a gamified digital app for senior cyclo-tourism, 
based on the outcomes of usability tests with the end-users, obtained by using eye-tracking and 
questionnaires. 
Lastly, the dissertation ends with the conclusion, answering the research question and 
reflecting on the prototype future improvements. 
This document was fully written in English. Data collection instruments were translated from 
Portuguese to English and all ethical concerns have been considered during this research.
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1. Senior Citizens 
Even though there is a lack of consensus in the definition of the chronological dimension of 
aging, the age of retirement is 66 years and 5 months in Portugal (Economias, 2019). The World 
Health Organization (WHO, 2002) considers the age of 60 years and over to define senior 
citizens. However, this research will not consider that age for senior citizens, but rather the age 
of 55 years and over, since it is common to find people of such age at the Universities of Third 
Age. 
This chapter presents the socio-demographic changes in society and senior citizens’ 
physiological and psychological effects. The concept of Active Aging is enlightened and the 
leisure activities for active aging are covered. 
 
1.1. Socio-Demographic Changes in Society 
Decreasing fertility rates and increasing longevity will ensure the continued aging of the 
world’s population. In fact, fertility rates are estimated to considerably drop, being below the 
replacement level in 120 countries by the year of 2025 (WHO, 2002), whereas population aging 
is expected to prevail in developed regions of the world.  
In 2002, nine out of ten countries with more than ten million inhabitants and the largest 
proportion of older people were in Europe. Furthermore, slight variations are expected by 2025 
when people aged 60 and over will be nearly one-third of the population in such developed 
countries as Italy, Japan and Germany, among other European countries (Figure 2). 
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Figure 2 - Percentage of countries with more than 10 million inhabitants (in 2002) with people aged over 60 and 
comparison with its estimation for 2025. Adapted from "Active Ageing: A Policy Framework" (WHO, 2002) 
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In fact, almost 400 million people, aged over 60 years old lived in developed countries in 
2002. By 2025, a growth of approximately 400 million to 840 million is expected, being a 
representation of 70 percent of senior citizens of the global population. In terms of regions, Asia 
is the continent where over half of the world’s oldest people live, and, because of that, this 
country will continue to grow the most (Figure 3).  
 
Figure 3 - Distribution of World Population over age 60 by region, 2002 and 2025. Adapted from 
"Active Ageing: A Policy Framework" (WHO, 2002) 
 
According to Kalache and Keller (2000), there is a significant difference between developed 
and developing countries, in which the developed ones can prosper in terms of resources and 
wealth, in comparison with developing countries. 
Alongside with the demographic changes, social support tends to decrease with age as well 
as contact with friends (Shaw et al., 2007). Indeed, senior citizens can experience different types 
of social losses, such as: loss of others by death and distance; social support by isolation; and 
loss of power by financial and/or knowledge decline (Kaplan & Berkman, 2016).  
Friendship networks also dwindle throughout life (Kalmijn, 2003). Socio-economic status 
seems to have an impact on social networks and satisfaction with the support received 
(Antonucci, 2001). In other words, there is a greater chance of perception of isolation and 
depression in senior citizens as successive losses occur in their networks. 
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1.2. Physiological and Psychological Effects 
Aging is a personal trajectory built throughout the years, dependent on our choices, 
decisions and results, which may affect the individual’s physical and psychological well-being 
(WHO, 2002). This trajectory is a process that, from the physiological perspective, is not 
necessarily analogous to the advancement of chronological age, presenting considerable 
variation from individual to individual (Llano et al., 2003).  
A brief overview of the physiological and psychological effects of the aging process is 
provided below. 
 
• Physiological Effects 
During the aging process, physical changes are likely to occur in the decrease in acuity of the 
five sense organs, with distinct focus on vision and hearing, and the decline in the function of 
important organs, specifically the heart, lungs and kidneys, muscle mass, hormone levels and 
brain (Ramadan, 2009). Although some studies (e.g. Harada et al., 2013) have shown that the 
normal aging process is usually accompanied by a decrease in certain cognitive and neuro-motor 
functions; other studies (e.g. Vance et al., 2010; Berardi et al., 2017) draw our attention to 
Neuroplasticity, that refers to the changes that occur in the nervous system when exposed to 
new experiences (Guerrinha, 2019), being the basis of memory formation and learning and 
having a restorage potential of neural injuries or damages (Meirelles et al., 2017). 
Given the aforementioned physiological effects, tasks involving motor coordination, 
reaction time, short-term memory, and abstract or complex conceptualization may be 
challenging (Aison et al., 2002). When considering physical activity and mobility, the following 
aspects should also be taken into account: arterial stiffening, gradual loss of elastic properties 
of connective tissues, increase in the amount of fat, decreased muscle strength, and decreased 
ability to coordinate skills (Pak & McLaughlin, 2010; Nigam et al., 2012). 
 
• Psychological Effects 
Senior citizens are a group that tend to have difficulty in a set of cognitive activities: (a) 
understanding complex or long messages; (b) reasoning tasks involving logical analysis, pattern 
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recognition and information selection; and (c) performing tasks involving time and speed (Vaz-
Serra, 1986). Consequently, this cognitive decline may lead to depressive symptoms (Forsell et 
al., 1997).  
Even though the physiological effects can be more noticeable at a naked eye, sometimes 
the psychological effects have a great impact (Bond et al., 2008). According to Figueroba (2017), 
attentional capacities (sustained, divided and selective attention), the different components of 
memory, intelligence (both fluid and crystallized) and creativity are the most notable aspects in 
the aging process. 
In terms of the senior citizens’ attention, a decline in the functioning of the attentional 
process occurs, but not in an equal way. In other words, in sustained attention (i.e. fixed 
attentional focus for a relatively long period of time), senior citizens tend to be less precise at 
the start of the tasks in comparison to younger age groups, even though they do not necessarily 
have a lower success rate. Relative to divided attention (i.e. alternated attentional focus), the 
level of difficulty in being attentive is proportional to the individual performance. In contrast, 
selective attention is likely to be maintained during the aging process, only being affected when 
tasks are difficult or when there is a need to ignore significant amount of irrelevant information.  
Although the deterioration of memory is not always associated to old age directly but 
through the appearance of cognitive deficits of pathological intensity, working memory is likely 
to worsen with age, especially at the age of 70. This is commonly associated with difficulties in 
dealing with the attention problems. 
Regarding crystallized intelligence (i.e. accumulated and progressive knowledge), it 
generally continues to increase throughout the aging process. By contrast, fluid intelligence (i.e. 
intelligence associated with the efficiency of neural transmissions and other biological factors) 
tends to deteriorate. 
Lastly, creativity varies from individual to individual and it is likely to be trained and/or 
improved, even though some people are more creative than others. However, among those who 
are not very creative, this capacity tends to decrease as people get old. 
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1.3. Active Aging 
According to the World Health Organization (2002, p.12), Active Aging can be defined as 
“(…) the process of optimizing opportunities for health, participation and security in order to 
enhance quality of life as people age.”.  
The word “active” refers not only to the functional capability of being physically active, but 
also embodies the individuals’ willingness to participate in other activities (i.e. social, economic, 
cultural, spiritual and civic matters). In fact, senior citizens who are already retired from work 
and those who live with some disabilities and/or illnesses can remain active contributors to 
society (WHO, 2002). 
To summarize, active aging aims to extend quality of life and healthy life expectancy for all 
people as they age, with no exceptions. As senior citizens become more active in their daily lives 
and disability rates drop, the population become better prepared to cope with aging 
(Demirbilek, 1999). 
 
1.3.1. Leisure Activities for Active Aging 
The World Health Organization (2002, p. 12) defines Health as “the physical, mental and 
social well-being.” Based on that definition the physical dimension is important for a good 
health, both the cognitive and social dimensions. Indeed, physical exercise and ICT use can 
increase cognitive training and social interactions, which are crucial in determining the adoption 
of healthier lifestyles. 
 
• Physical Exercise  
During the aging process, some physical limitations appear, which may affect the senior 
citizens’ autonomy. In fact, difficulties in locomotion, control, postural adaptation and 
orientation are some of the critical factors in the reduction of individuals' autonomy (Shepard, 
2002). 
According to Rikli and Jones (2013), physical exercise is understood to be the ability of 
performing daily tasks autonomously and independently without the onset of fatigue and when 
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doing it regularly, it can delay functional deteriorations and prevent chronic diseases. For 
example, regular moderate physical activity can reduce the risk of cardiac death by 20 to 25 
percent among people with heart diseases (Merz and Forrester, 1997). 
Mazo and her colleagues (2008) reported that physical exercise can improve health-related 
quality of life, physical and psychological well-being. According to the same authors, the practice 
of physical exercise and the level of individuals’ life satisfaction are interrelated. 
The American College of Sports Medicine (ACSM, 2009), the world's largest organization of 
sports medicine and science, draws our attention to the fact that senior citizens' physical 
exercise programs should include resistance, strength, balance, and flexibility exercises. Physical 
capacity is essential for the individuals’ health, as well as for the accomplishment of everyday 
tasks and the practice of physical exercise (Riebe et al., 2018). 
It is worth noting that doing a physical exercise does not have to be difficult, exhausting or 
boring. Every opportunity that increases mobility, even only for a few minutes a day, is a healthy 
way to at least get started (Ribeiro & Paúl, 2011). 
In the study “Older adults motivating factors and barriers to exercise to prevent falls” (Groot 
& Fagerström, 2010), the results showed that motivating factors to adhere to recommended 
physical exercise were perceived prospects of staying independent, maintaining current health 
status and improving physical balance and the ability to walk. In the opposite, barriers reduced 
health status, while leading to lack of motivation and unpleasant experience during exercise 
group sessions. 
Having discussed the importance of Physical Exercise, the next sections will cover the role 
of Information and Communication Technologies in Physical Exercise. 
 
• Information and Communication Technologies in Aging 
One of the major concerns in an increasingly aging society is the overdependence in ICT and 
the subsequent challenges faced by senior citizens owing to the limitations of the Human aging 
process and the lack of access to digital platforms and understanding of interface conventions 
(Pasqualotti et al., 2007). 
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The subject of age-related technology has been popular in research over the past few years 
(Zheng et al., 2013) and the findings have highlighted that a gap between younger and older 
generations is still present, regarding the fact that the latter did not have previous access to ICT 
in their daily life, when compared to younger generations. In the same vein, senior citizens 
experience more problems with ICT than younger adults do (Zheng et al., 2013).  
Learning how to use a computer and/or Internet is considered to be a new skill, being that 
a cognitive challenging endeavour. Additionally, technological activities are very demanding in 
terms of cognitive functions, such as speed in information processing, selective memory and 
memory. By encouraging senior citizens to use computers and the Internet, their cognitive 
abilities, autonomy and engagement in interpersonal relations and productive activity in 
performing everyday tasks may be stimulated (Zheng et al. 2013). 
As highlighted by Nierling and Domínguez-Rué (2016) in Chapter “Motives of the Elderly for 
the Use of Technology in their Daily Lives”, senior citizens perceive the use of modern technology 
as an important opportunity to improve their technical skills and the next session clarifies the 
way digitally mediated strategies can be used to motivate Physical Exercise.  
 
• The role of ICT in motivation to Physical Exercise 
The practice of Physical Exercise does not have to be limited to the traditional form, 
commonly known as outdoors or indoors exercises at gym, and with equipment (Corre, 2018). 
In fact, technology in a modern society makes a valuable contribution to the practice of Physical 
Exercise in the comfort of the individual’s home. Kinect8, for example, is a technology that makes 
possible to use interactive games to practice different sports, being entitled ‘Exergames’ (Smith 
& Schoene, 2012). 
According to a report from Microsoft9 (2014), doctors are using Kinect to help heart attack 
patients to recover from their incapacities, throughout the use of training exercises, immediate 
feedback and encouragement. Even at some hospitals, doctors are recommending patients to 
use Kinect games on Xbox 360. The reason is not only because it is a way of distracting, but also 
 
8 https://developer.microsoft.com/en-us/windows/kinect (Accessed: 15 November 2018) 
9 https://www.microsoft.com (Accessed: 15 November 2018) 
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because it enables data analysis from patients’ pain and respective movements relative to their 
training activities and improvements (Tsukayama, 2013). 
Maillot and her colleagues (2012) conducted a test using digital games supported by Kinect 
to see if there were any improvements in senior citizens’ health. In this study, 32 senior citizens 
were divided into two groups: 16 participants in the control group, with no previous contact 
with the game and 16 participants in the experimental test group. Throughout the experiment, 
two participants gave up (one from each group), leaving 15 participants in each group. The 
physical impact of the training program was measured by heart rate per minute and by the 
demonstrated effort, whereas the neurological impact was evaluated throughout the use of 
both accomplishment and visuospatial tasks and processing speed. This study was extended for 
14 weeks, including pre-test and post-test, when the participants were subjected to a battery of 
neurological and physical exams to obtain the outcomes of the game-playing activity. The results 
demonstrated significant physical improvements in the subjects of the experimental group. 
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2. Gamification and Motivation 
Playing digital games has become increasingly popular amongst senior citizens in the last 
two decades (Zheng et al., 2013). Although research into playing in a later life phase is growing 
with a focus on the domain of Interaction Design (e.g. Dewsbury et al., 2006), gerontological 
research is still rare (De Schutter, 2011). 
Some studies (e.g. Drew & Waters, 1986; Clark et al., 1987) showed that playing digital 
games may have a positive effect on autonomous functions in later life, self-esteem and reaction 
time. For example, Goldstein and his colleagues (1997) found that non-institutionalized senior 
citizens who played Super Tetris nearly five hours per week, for five weeks, improved 
significantly their reaction time and increased their well-being.  
Another randomized trial study (Torres, 2018) showed that casual digital games can improve 
senior citizens’ cognitive functioning and maintenance of self-concept and quality of life. 
Similarly, other studies (Gamberini et al., 2009; Whitlock et al., 2012; Loos, 2014), have 
demonstrated that games can, indeed, train the learner’s memory, improve cognitive 
functioning and positively influence the individual’s self-concept and quality of life. 
Moreover, digital games can even encourage social interaction and dialogue between older 
and younger generations (Derboven et al., 2012). As benefits, games are also suggested to foster 
intergenerational interactions by contributing to individual wellbeing, prosocial behaviours, and 
sharing of knowledge; providing a communal activity and balancing both users’ challenges and 
their skills (Costa & Veloso, 2016). 
Considering the potential benefits from playing games for senior citizens, it is important to 
understand the game elements and strategies that can motivate them to adhere to the game-
playing activity. Therefore, the following sections clarify the gamification’s definition, game 
design techniques and elements, non-game contexts and behavioural design. 
 
2.1. The Concept of Gamification  
According to Maslow (1954) and Vianna and his colleagues (2013), people may have a great 
deal of interest in intangible goods, such as respect and status, and these forms of motivation 
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are the same principles that are part of the basic concept of gamification (Werbach & Hunter, 
2012). 
Gamification can be defined as the use of elements and techniques of game design in the 
context of a non-game environment, attempting to motivate the user to carry out an ordinary 
activity (Deterding et al., 2011). This technique is used in different fields from the entertainment 
industry to education and/or health. The dominant idea is to take the base of digital games, and 
to implement it in situations of the real world, frequently with the intention of motivating 
specific behaviours within the gamified scenario (Sailer et al., 2017). 
Although its popularity, Zichermann and Cunningham (2011) remind us to the fact that 
gamifying a product, or a service, does not mean simply giving virtual badges and insignias every 
time the user performs an action. Gamification usually involves a plan in order to motivate the 
players to perform a set of tasks with pleasure, seducing them to a certain measurable goal. 
Digital games are, thus, powerful artefacts, being a trigger to certain actions and initiatives 
(Zichermann & Cunningham, 2011).  
Gamification is also a persuasive technology that can influence the end-user’s behaviour by 
activating their motives via game-design elements (Petkov et al., 2011). Basically, gamification 
explores the individual’s empathy in order to meet their intrinsic and extrinsic motivations 
(McGonigal, 2012). McGonigal (2012) identifies the following use on games of intrinsic 
motivation: 
• Increase in user satisfaction: The end-user’s progress results from attainable personal 
goals and immediate feedback, giving a perceived sense of high individual performance; 
• Conveyance of optimism: Gamification enables self-determination and the feeling of 
accomplishment; 
• Facilitation of social interaction: Gamification enables social exchange and/or 
competition because, normally, the user enters to a community; 
• Provision of meaning: Gamification fosters daily life challenges, helping to overcome 
individual’s limitations. 
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In terms of extrinsic motivation, gamification has also an important role by encouraging 
changes on behaviours through points, badges, leaderboards and other formal game elements 
that are further explained in the subchapter Game Design Techniques and Elements. 
To summarize, gamification refers to service design similar to digital games, typically with 
the purpose of changing user behaviour. (Huotari & Hamari, 2012). The concept of gamification 
(game + modification) has evolved over the years, and although it has been a taken for granted 
concept, there is not a consensus towards its meaning. Currently, the use of gamification as 
service design has emphasized the following characteristics: (a) use of game design techniques; 
(b) use of games elements; and (c) application in non-game contexts (Werbach & Hunter, 2012). 
 
2.2. Game Design Techniques and Elements 
In any gamifying process, the game elements are indispensable pieces in the design and 
development of a gamified activity. Deterding and his colleagues (2011) consider game elements 
as a fundamental part of the gamification concept and according to these authors, game 
elements, not necessarily all and cumulatively, play a preponderant role for the development of 
a game and game-playing experience. 
These elements are the foundation of all gamified systems and have their origin in the MDA 
framework (Mechanics, Dynamics and Aesthetics), developed by Hunicke, LeBlanc and Zubek 
(2004), that form the core of a gamified design and the playful experience, both from the point 
of view of the designer and the end-user. 
The MDA framework was revisited by Werbach and Hunter (2012) and according to the 
authors, game elements tools can be taken from the game’s core, being considered regular 
patterns, and used in business and/or other non-game contexts. These authors also proposed a 
framework entitled as The Game Element Hierarchy or DMC Pyramid which encompasses 
different categories of game elements, as shown in Figure 4. 
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Figure 4 - The DMC Pyramid. Adapted from “For the Win: How Game Thinking Can Revolutionize Your 
Business” (Werbach & Hunter, 2012) 
 
The structure of the pyramid is divided into three levels, in which a progression principle is 
applied (i.e. the lower levels constitute the path to access the elements of a higher level), ranging 
from the abstract (the dynamics) to the concrete (the components) and being interlinked with 
the mechanics: 
i. The lowest level of the pyramid refers to the Game Components that include 
achievements, avatars, badges, boss fights, collections, combat, unlocking content, 
gifting, rankings, levels, points, quests, social chart, teams and virtual goods; 
ii. Mechanics are related with challenges, chances, cooperation and competition, 
feedback, acquisition of resources, rewards, transactions, turns and win states; 
iii. Dynamics embody narrative, relationships, emotions, constraints and progression. 
 
2.2.1. Components 
The Game Components are the basis of Game Elements, because they are the particular way 
of performing high level actions represented by the Dynamics and Game Mechanics (Werbach 
& Hunter, 2012). 
The authors Werbach and Hunter (2012) categorize the following elements as Game 
Components: 
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• Achievements: Reward the player when completed a set of specific tasks; 
• Avatar: Visual representation of the player character; 
• Badges: Visual representation of the accomplishments achieved in the game; 
• Boss Fights: These fights translating into more difficult challenges usually occur between 
players and NPC (i.e. non-player characters), that usually happens at the end of the level; 
• Collections: Set of items or emblems that can be collected; 
• Combat: This action involves guiding and defeating opponents in fights and challenges; 
• Unlocking Content: Games can offer the possibility of unlocking access to restricted 
content in the game, if the requirements, goals or missions are met; 
• Gifting: This action refers to the possibility of offering virtual items or coins to other 
players; 
• Rankings: These are ordered lists of players, according to their scores; 
• Levels: Game levels translate the player’s performance in the game, having an impact 
on their progress; 
• Points: Numerical representation of the player's performance in the game, and, as a 
rule, the points and levels are intertwined; 
• Quests: These are predefined challenges and objectives, which once achieved, are 
translated into rewards; 
• Social Chart: This is the visual representation of the social network of players; 
• Teams: Groups of players that work together in order to achieve a common goal; 
• Virtual Goods: These are objects and items that have meaning for their users, given their 
role in the virtual world. Sometimes players are willing to spend virtual and/or real 
currency to access to such goods. 
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2.2.2. Mechanics  
Game Mechanics are defined as a set of rules and techniques used, individually or together, 
as building blocks to gamify something (e.g. a website or an app), motivate the end-user 
(Deterding et al., 2011) and manage the users’ performance with incentives, feedback and 
rewards. 
Werbach and Hunter (2012) highlight that Game Mechanics are the responsible elements 
for the user’s actions associated to a gamified experience. These actions can be the following: 
competing, cooperating, rewarding, transacting, challenging, among others. Thus, the game 
mechanics produce a significant response from the player (Zichermann & Cunningham, 2011). 
Game Mechanics embody the following elements (Werbach & Hunter 2012): 
• Challenges: The game sets goals for the player to achieve; 
• Chances: User’s actions are goal-oriented, creating a sense of uncertainty and surprise. 
Therefore, the luck factor is also considered, which means that not everything is decided 
by the player’s ability; 
• Cooperation and Competition: Players can work together to achieve certain goals or, on 
the contrary, be opponents in which only one will be a winner; 
• Feedback: This feature enables the players to check their performance during game-
playing, fostering a sense of progression and help, if applicable, in decision-making; 
• Acquisition of Resources: Players may collect or purchase additional items associated to 
their achievements and winning/victory conditions; 
• Rewards: Benefits obtained from the accomplishment of some objectives or certain 
achievements; 
• Transactions: Transaction can involve buying and selling or exchanging something with 
other players in the game, directly or through intermediaries; 
• Turns: Players' participation can be sequential and alternate. However, there are many 
real-time games, in which there are no turns; 
• Win States: State that defines the victory or defeat condition of a player or a team. 
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2.2.3. Dynamics 
Werbach and Hunter (2012) point out that Game Dynamics are at the top-level of 
conceptual game elements or gamified approach. Game Dynamics undergoes evolutions to 
meet the players’ needs, desires and motivations. 
Gamification Dynamics are the types of behaviour that players adopt in their experience, 
which are based on how they use the selected game mechanics (Robson et al., 2015) and 
mechanics related to the game behaviour and strategic interactions (Camerer, 2014). 
Since this concept is based on the way players adopt the Mechanics (Robson et al, 2015), all 
these aspects must be considered and managed (Werbach & Hunter, 2012), in order to lead to 
the success of a gamified system. According to Zichermann and Cunningham (2011), Game 
Dynamics are related to how the players interact and engage with the system, whereas Game 
Mechanics are the tools used to generate the gameplay experience. Game Mechanics are, 
therefore, a complement to Game Dynamics. 
Werbach and Hunter (2012) categorize the following elements as Game Dynamics: 
• Narrative: The structure that brings parts of the game or the gamified system together 
into a coherent whole; 
• Relationships: Common social dynamics are very important for the game playing 
experience, since people have and feel the need to interact with others, generating a 
feeling of camaraderie, status and altruism; 
• Emotions: The way users feel and express the emotions are driven by the game; 
• Constraints: Limitations of the game; 
• Progression: It does not specifically require levels and points but should give the user 
the feeling that they are having the opportunity to evolve. 
 
2.3. Non-game Contexts 
Gamification has a similarity to serious games, in the way that it uses elements of games for 
other purposes than entertainment. In Sawyer and Smith’s taxonomy of serious games (2008), 
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games can be divided into: (a) games for health; (b) advergames; (c) games for training; (d) 
games for education; (e) games for science and research; (f) production; and (g) games as work. 
Deterding and his colleagues (2011) also considered that it is possible to apply gamification to 
other contexts (e.g. gamification for training, health, news and tourism) (Deterding et al., 2011). 
There are several examples of the application of gamification in education (e.g. Domínguez 
et al., 2013) – i.e. Duolingo10; health industry (e.g. Cafazzo et al., 2012) – i.e. Nike +11; marketing 
and business training (e.g. Barata et al., 2013); sustainable behaviour (e.g. Negruşa et al., 2015) 
and tourism industry (e.g. Xu et al., 2014) – i.e. Foursquare12. 
 
2.4. Motivation and Behavioural Design 
Concurrently, designers and design theorists are exploring how consumer products could 
influence user’s behaviours towards a reduction in its use and impacts (Rodriguez & Boks, 2005). 
Design is not only a reflective activity, but also an emotional and intuitive process, and as 
overstated by Damásio (2004), emotions and feelings are fundamental for rational thinking and 
decision-making. 
Most people are internally and externally motivated to meet their needs, regarding the fact 
that an impulse often leads people to do something in order to accomplish a task. Whereas an 
amotivated or unmotivated person is not inspired to act, a motivated person usually has the 
energy and will-power to achieve own goals (Ryan & Deci, 2000a).  
According to Taylor (2007), there is a difference between the term “motive” and 
“motivation”. When people think of “motive”, normally, it suggests preconceived intentions or 
goals, like motive for revenge, financial reward, method acting, among others. The word 
“motivation” has a more positive connotation, often associated with incentives or spirited 
inspiration (Taylor, 2007).  
 
10 https://www.duolingo.com/ (Accessed: December 2018) 
11 https://play.google.com/store/apps/details?id=com.nike.plusgps&hl=en (Accessed: December 2018) 
12 https://play.google.com/store/apps/details?id=com.joelapenna.foursquared&hl=pt (Accessed: 
December 2018) 
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In Self-Determination Theory (SDT), the authors Deci and Ryan (1985) distinguish between 
different types of motivation that are categorized into different goals or reasons. The most basic 
distinction is between intrinsic motivation, which is associated to do something because of its 
exciting or pleasant inherently matter, and extrinsic motivation, which is associated to act in a 
way because it will manifest in a separable result. It is possible to define SDT as a method that 
uses traditional experimental approaches to Human personality and motivation. Self-
Determination Theory highlight the inner resources for developing personality and self-
regulating individual’s behaviour (Deci & Ryan, 1985).  
The Maslow Pyramid (Figure 5), which represents the hierarchy of Human needs, is a 
generalized theory for debating Human motivations (Maslow 1954). The fundamental levels of 
needs are represented at the base of the pyramid whereas the physiological needs are 
considered as hygienic factors, and, therefore, do not generate any motivation. On the contrary, 
social needs or belonging needs, esteem and self-actualization are considered as motivational 
factors (Teixeira, 2005). 
 
Figure 5 – Maslow’s Pyramid. Adapted from “Motivation and Personality” (Maslow, 1954) 
 
2.4.1. Types of Motivation 
Vallerand and his colleagues (1993) believed that motivation can be divided into three types: 
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I. Amotivation 
Amotivation occurs when individuals’ motivations are absent, and there is a lack of intention 
to act. Amotivation is a consequence from not valuing an activity (Ryan, 1995), not feeling 
capable to do it (Deci, 1975), or not believing on own capacity to achieve a wanted result 
(Seligman, 1996). 
 
II. Intrinsic Motivation 
The singularity of intrinsic motivation was firstly recognised within empirical studies of 
animal behaviour, where it was discovered that, even in the absenteeism of rewards, numerous 
animals engage in exploratory, playful and curiosity-driven behaviours (White, 1959). 
An individual is intrinsically motivated when (s)he does not do an activity for other purposes 
(e.g. external pressures or awards) than meeting their personal satisfactions (Ryan & Deci, 
2000a). This type of motivation is natural and significant in cognitive, social, and physical 
development, because people can evolve their skills and deepen their self-knowledge when they 
are acting for their own interests. 
Intrinsic motivation varies from person to person and it is dependent on their personality 
trait and own interests.  
Vallerand and his colleagues (1989) have divided intrinsic motivation into the following 
three:  
i. Intrinsic motivation to know: When people engage in an activity because of the 
pleasure and satisfaction inherent to the activity. This type of intrinsic motivation is 
shown in gratification from learning, discovering and acknowledging new things; 
ii. Intrinsic motivation to accomplish: When people engage in an activity because of 
the pleasure and satisfaction they will have while creating or trying to exceed 
themselves; 
iii. Intrinsic motivation to experience stimulation: When people engage in an activity 
because of the stimulating sensations connected with it. 
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III. Extrinsic Motivation 
Although intrinsic motivation is clearly a central type of motivation, most of the activities 
people do can be extrinsically motivated. In that way, extrinsic motivation refers to doing an 
activity by its instrumental value. Extrinsic motivated behaviours are, thus, assumed to reach an 
end state that is separated from the actual behaviour. 
Ryan and Deci (2000b) subdivide extrinsic motivation into four types: 
i. Extrinsic motivation of external regulation: When people’s acts are done to reach 
a positive outcome (e.g. to earn money) or to avoid a negative end (e.g. to dodge 
punishment); 
ii. Extrinsic motivation of introjection: When people start to personify the reasons for 
their behaviours; 
iii. Extrinsic motivation of identification: When the reason to engage in an activity is 
embedded, in a way that the activity is considered valuable by each person and the 
behaviour is controlled through the identification of the activity; 
iv. Extrinsic motivation of integration: When the coherence with choice and self-
structures are achieved. 
 
Most of the theories used in gamification interrelate motivational and the gamification 
context. Considering that motivation plays an important role in gamification to change 
behaviours, the following topics presents some theories relevant to this research: 
 
2.4.2. Gamification and Motivation Theories 
2.4.2.1. ARCS Model 
The ARCS Model is a four-factor model proposed by John Keller (1987) that comprises the 
following: (i) Attention, (ii) Relevance, (iii) Confidence and (iv) Satisfaction. Even though this 
model is focused on instructional design, the same elements can be applied to gamification and 
game-based learning. The key elements are listed below: 
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i. Attention is important to grab the person’s interest to a certain content. People’s 
attention can be done by perceptual arousal (i.e. gaining attention through the 
means of relatable events, by using incongruity or the element of surprise); inquiry 
arousal (i.e. stimulating curiosity, problems-solving or role-playing); and variability 
(i.e. varying periodically the delivery method periodically); 
ii. Relevance should take into account: goal orientation (i.e. lead the person towards 
the goal by explaining and describing the importance of reaching it); motives match 
(i.e. matching instructional goals with the individual’s goals can encourage power, 
achievement, affiliation or risk taking); familiarity (i.e. demonstrate how the 
acquired knowledge is related to the already owned); and modelling the learning 
results to new knowledge. 
iii. Confidence is likely to occur when people feel they can learn and achieve success or 
tend to be more motivated to proceed the task. The initial requirements and 
expectations towards a task are necessary to be pre-determined, so that people can 
estimate the amount of time and effort they need to put into it. Additionally, small 
wins also can help to build people’s confidence, sense of control, deadline schedule 
and competitiveness. 
iv. Satisfaction is achieved when people feel that the task they are performing has 
value and is worth of effort. Providing encouraging feedback is, thus, a strategy that 
may lead self-motivation. 
In general, the ARCS model unravels that individual’s intrinsic motivations can be fostered 
by grabbing their attention, through the use of a challenge and scaffolding. Rewarding small 
wins is also another strategy to foster people’s confidence and satisfaction. 
2.4.2.2. Behavioural Model 
According to Fogg (2009), a behaviour model is needed in order to persuade changes in 
behaviours through digitally mediated experiences. This model is easy to perceive and widely 
used in the game context (Fogg, 2009). In this way, the model presupposes the existence of 
three necessary factors underlying all Human behaviour: 
i. Motivation: In Human behaviour, a sense of pleasure, pain, hope, fear, acceptance or 
rejection are anticipated with the use of games (i.e. the person is highly motivated); 
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ii. Ability: Such factors as time, money, physical and psychological effort, social deviance 
and non-routine activities may affect Human behaviour (i.e. the person considers that 
the behaviour is simple); 
iii. Trigger: Human behaviour relies on the use of reminders or notifications associated to 
individuals’ action (i.e. the person is cued, reminded and called to action). 
These three factors must be presented and occur at the same moment to effectively engage 
people and, therefore, one may suppose that the core of a successful gamification project is to 
figure out the right motivations and triggers, not relying only in the technology use (Fogg, 2009). 
2.4.2.3. Octalysis Framework 
Octalysis is a gamification framework (Figure 6) created by Chou (2017), in which the game 
industry is intertwined with the Human-Focused Design principle. Octalysis is presented in an 
octagon shape with 8 Core Drives representing each side. On the left side, there are the left-
brain core drives, being associated to logic, calculations and ownerships; whereas on the right-
side there are the right-brain core drives, being linked to creativity, self-expression and social 
aspects. 
 
Figure 6 – Octalysis. Adapted from Actionable Gamification (Chou, 2017) 
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In the author’s point of view, games are fun because they appeal to certain core drives of 
the players, motivating them towards certain activities. Even though Chou (2017) believes that 
there is a ninth hidden Core Drive that he called “Sensations”, everything that the player does is 
based on one or more of the eight Core Drives: 
i. Epic Meaning and Calling give players the feeling that they are chosen, special or 
lucky to do something (i.e. narrative, elitism, humanity hero, revealed heart, 
beginners’ luck, free lunch, destiny child, creationist); 
ii. Development and Accomplishment allow players to develop skills and complete 
challenges in exchange for a reward (i.e. status points, badges, rewards, 
leaderboard, progress bar, quests lists, dessert oasis, high five, crowning, 
anticipation parade, aura effect, step-by-step overlay tutorial, boss fights); 
iii. Empowerment of Creativity and Feedback engage users in the creative process to 
try different combinations and figure things out (i.e. milestones unlocks, real-time 
control, evergreen control, instant feedback, boosters, blank fills, plant pickers, 
poison pickers);  
iv. Ownership and Possession motivate players to customize characters, accumulate 
and own virtual goods (e.g. virtual currency) or complete a collection (i.e. 
exchangeable points, virtual goods, build from scratch, Alfred effect, collection sets, 
avatar, protection, recruiter burden, monitor attachment); 
v. Social Influence and Relatedness include social elements (e.g. companionship, 
mentorship, acceptance, social responses and competition) to stimulate player’s 
interaction (i.e. friending, social treasure/gifting, seesaw bump, group quests, tout 
flags, brag button, water cooler, conformity anchors, mentorship, social prod); 
vi. Scarcity and Impatience is related to the players’ desire to have something they 
cannot have at the moment (e.g. come tomorrow to unlock this feature), making 
game aspects available to a limited number of players or restricted in time (i.e. 
appointment dynamics, magnetic caps, dangling, prize pacing, options pacing, last 
mile drive, count drown timer, torture breaks, moats, the big burn); 
vii. Unpredictability and Curiosity drive players’ curiosity of wanting to find what will 
happen throughout the activity, because when people do not know what will 
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happen, the brain is engaged and will think about it often (i.e. glowing choice, mini 
quests, visual storytelling, easter eggs, random rewards; obvious wonder, rolling 
rewards, evolver UI, sudden rewards, oracle effect); 
viii. Loss and Avoidance add risks (e.g. loosing progress) to make players avoid certain 
behaviour or to act immediately to not loose opportunities (i.e. sunk cost prison, 
progress loss, rightful heritage, evanescence opportunity, status quo sloth, scarlet 
letter, visual grave, FOMO punch). 
2.4.2.4. Self-Determination Theory (SDT) 
Self-Determination Theory is a macro-theory, which explains Human motivation to perform 
a task or activity (e.g. sports, religion, education, work, healthcare). Indeed, self-determination 
has been applied to the context of digital games (e.g. Rigby & Ryan, 2011) and associated to self-
motivation (Deci & Vansteenkiste, 2004). According to Deterding (2011), SDT is an appropriate 
theoretical foundation for gamification and Ryan and his colleagues (2006) suggest that the 
individual’s external environment should be in accordance with the individual, in order to 
encourage proactivity and own desire to grow. In general, this theory presents a set of factors 
interrelated with intrinsic and/or extrinsic motivation (Ryan et al., 2006) 
 According to Pink (2018), intrinsic motivation refers to the individual motivation, in which a 
person performs a certain action simply because (s)he finds it rewarding, enjoyable, fun and 
exciting. Although this type of motivation is important, most of the tasks performed by people 
seem to not be intrinsically motivated (Ryan & Deci, 2000a) and, therefore, extrinsic motivations 
are likely to overpass this limitation.  
Pink (2018) states that in terms of extrinsic motivation, it is triggered by rewards associated 
to the individuals’ actions. He emphasizes that although these extrinsic motivating factors are 
important, they will have little impact when the threshold is reached (i.e. when extrinsic 
motivations reach a limit). Once this threshold is reached, the intrinsic motivators become more 
important. 
In SDT, the social environment supports the following three basic needs (Kapp, 2012): 
i. Autonomy: Users need to feel autonomous in their decisions and have control over 
their actions in order to be motivated; 
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ii. Competence: Competition and collaboration in game challenges are encouraged to 
enable scaffolding and acquisition of new skills; 
iii. Relatedness: This characteristic represents the feeling of being connected to others. 
This connection can be with real people or even with virtual personalities generated 
by the computer within the game. One of the requirements is that the game enables 
social interaction. 
In a research study examining SDT and gameplay (Ryan et al., 2006), findings have revealed 
that perceived in-game autonomy and competence were associated with game enjoyment, 
preferences, and changes in well-being. Furthermore, competence and autonomy were related 
to the intuitive nature of game controls and the sense of immersion participants felt in their 
game-play experience (Ryan et al., 2006). 
To sum up, gamification theories are a relevant aspect to consider when designing a 
gamification strategy to affect the individual’s attraction to an activity, motivation and 
behaviour change.  
 
2.5. Designing for Senior Citizens 
According to Gerling and his colleagues (2012), senior citizens’ engagement with digital 
games has a positive impact on their emotional and physical wellbeing. As such, designing games 
as assistive environments should be customizable (adaptive); and maintain (assist), increase or 
improve (rehabilitate) the individuals’ capabilities (Veloso & Costa, 2016). 
Although senior citizens are receptive to new technologies (Zheng et al., 2013), their 
adherence to digital games is dependent on how interesting a game is for them. Most digital 
games are aimed at young individuals with high cognitive and motor abilities and game 
mechanics focus on high-precision movements that simply are not within the reach of senior 
citizens. Therefore, they tend to take more time to perform the same tasks as younger 
generations (Fisk et al., 2009). 
Gerling and his colleagues (2012) also referred that interfaces should be multimodal due to 
an age-related decrease in motor skills. An example is that while active senior citizens may still 
be able to use regular game pads, institutionalized senior citizens may have more difficulties in 
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holding the controller and pressing small buttons. Additionally, the complexity of input 
sequences should be meaningfully reduced by having into account the decrease in senior 
citizens’ abilities (e.g. short-term memory and attention process). 
In this situation, probable setbacks with multiple players’ input (e.g. performing complex 
point-and-click operations) should be taken into consideration. Furthermore, the graphics of the 
user interface must be adapted to meet the needs of senior citizens (e.g. visual game element 
size, font size, high contrast, among others) and different types of feedback (e.g. visual, auditory 
or haptic output) (Gerling et al., 2012). 
Basically, it is important having into consideration the following suggestions (Dewsbury et 
al., 2006; Fisk et al., 2009; Gerling et al., 2012; Terra & Veloso, 2014): 
• The game interface should be simple and intuitive so that senior citizens can identify 
and execute it; 
• Provide easy to remember information; 
• Interfaces should include different types of feedback (e.g. visual, written, and 
auditory); 
• Do not introduce gameplay that requires a very high level of physical dexterity; 
• Provide users with the ability to customize interaction keys; 
• Add captions for all in-game audios; 
• Simulate scenarios in which the seriousness of the problem is presented and inform 
about the change benefits; 
• Visually differentiate the game elements; 
• Add colour options to colour blind; 
• Do not introduce time or speed limits as a gameplay challenge; 
• The presentation of the score should be simple and easy to understand; 
• Build in-game tutorials. 
2. GAMIFICATION AND MOTIVATION 
GAMIFICATION AND SENIOR CYCLO-TOURISM: DESIGNING AN APP FOR THE MIONE COMMUNITY 
 
 
36 
University of Aveiro | Master in Multimedia Communication | Cláudia Ortet 
Gamification can be a strategy to add game design elements to the environment, which 
contributes to its change and may affect motivational and psychological user experiences
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3. Cyclo-tourism  
In order to understand cyclo-tourism, it is important to understand the concepts of tourism 
and senior tourism, the use of ICT in cycling and identify a number of cyclo-tourism 
organizations.  
 
3.1. Tourism 
Reaching a consensus on the definition of tourism is extremely difficult, which can be 
explained by being such a complex and multifaceted activity. Of the many definitions, the most 
widely used and universally accepted definition is proposed by the World Tourism Organization 
(UNWTO, 2008) that refers to tourism as the set of activities that people do during their vacation 
and stay in places outside where they live for a certain period of time, providing that it does not 
exceed one year, with the purpose of leisure (i.e. cultural tourism, visits to family and friends, 
vacations, sports, meetings, missions, business tourism, conferences); among other reasons (i.e. 
study, health) that do not imply the exercise of a remunerated activity in the visited place. 
Tourism has become one of the most dynamic worldwide activities (i.e. social, cultural and 
economic), with faster economic growths while connecting people (Rastegaeva & Kazakov, 
2016). It also plays a crucial role for both developed and developing countries, having an impact 
on indirect and induced employment (UNWTO, 2018). 
According to Filipe (2009), tourism is important due to its multifunctionality associated with 
the consumer’s impulses, and thus exercising the following functions:  
• Recreational function: There is a concentration of places characterized by a strong 
tourist activity, which is not always a positive aspect. This fact may cause an 
imbalance in the regions’ development, especially in rural areas where there is a 
lower concentration; 
• Patrimonial function: Discovery of natural and cultural patrimony attractions and 
activities are likely to attract urban consumers;  
• Pedagogical function: Tourists seek knowledge and learn more about the visited 
place; 
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• Social function: Tourism can generate new social ties and cultivate a relation of 
proximity between the visitors and local residents. 
 
3.1.1. Senior Tourism 
For the development of the tourism market and tourism products, it is important to identify 
new demographic challenges and the transformation in the structure of society. Indeed, the age 
cohorts of 50 to 55 years old and 60 to 65 years old have been an important segment to address 
in the tourism industry, given its significant proportion in total population (Loverseed, 2000). 
Senior citizens represent an age group with a steady growth and many of them have a 
physical and health condition and a high propensity to travel, as some of these people whether 
they are retired, by choice or not, eventually start to develop a second career or their own 
business (Loverseed, 2000). Furthermore, Smith and Jenner (1997) ascertain that senior citizens 
aged between 50- and 64 years old tend to have great economic power because most people in 
this age group have the highest amount of income from their professional careers. Hence, 
segmenting the market into the group of senior citizens is relevant owing to the fact that the 
group aged 55 and over has more characteristics in common with the ones aged 65- and 75-year 
old, rather than 45- or 35-year old group (Smith & Jenner, 1997). 
In tourism, senior citizens differ from younger tourists in the following characteristics: (i) 
distribution and frequency of tourism activities throughout the year; and (ii) use of a significant 
part of their income in leisure and tourism activities. 
Data from the European Travel Commission study (ETC, 1994) on the distribution of 
international travel by senior European tourists has revealed that whereas all tourists made 
more than 50% of their trips during high season (i.e. July and August), senior tourists distributed 
their holiday trips throughout the year. However, senior tourism has been less seasonal than 
the total tourism market due to socio-economic aspects, namely greater freedom from work 
and lower family responsibilities (ETC, 1994). Their preference in off-pack travel tourism is 
influenced by the possibility of having a holiday with greater tranquillity and at cheaper prices. 
According to Aln and his colleagues, senior tourists also have a greater power of 
consumption of leisure and tourism products vis-a-vis younger tourists, mostly because they 
usually have the highest domestic income of all age groups (Aln et al., 2012). This consumption 
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power can stem from a monthly retirement pension, income from savings, private insurance, 
capital investment, among others (Smith & Jenner, 1997). 
In general, the group of newly retired senior citizens is very attractive to tourism marketing 
operators as they additionally have enough health and vitality to consume innovative products 
related with adventure activities (Patterson, 2006), and, thus, targeting this age group should 
be considered as an important business opportunity that also overpasses the problem of the 
effects of seasonality on a tourism activity. 
 
3.2. Cycling in tourism  
Cyclo-tourism, or Cycle Tourism, is an unexplored sector with a great sustainability potential 
in rural areas (Gazzola et al., 2018). Although riding a bicycle has been regarded as a physical 
exercise activity intertwined with the health and fitness sector, its application in mobility, 
transports and tourism sector has also an important role (Cox, 2012). 
Cyclo-tourism can be defined as any cycling activity during holidays for more than a day. The 
use of the bicycle is, indeed, an essential part of the journey (Resende & Filho, 2011). Cyclo-
tourists tend to be also environmentally conscious (Sebastianelli, 2013), in other words, cyclo-
tourists usually do not use a car on their trips; and they are also likely to spend less energy and 
water, producing less garbage and having less impact on fauna and flora than other types of 
rural tourism (Gazzola et al., 2018). 
Before the actual bicycle appeared, dandy-horses were used as vehicles that allowed 
adventurous individuals to travel long distances, as shown in Figure 7. According to Alff (2011), 
this vehicle moved through the pilot, who pushed it with his/her own feet, properly working on 
flat terrain; however, requiring an increased effort in climbing. In 1820, a dandy-horse was firstly 
used to travel through European countries. 
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Figure 7 – First Dandy-horse. Retrieved November 2018 from 
https://www.sueddeutsche.de/auto/rundes-jubilaeum-200-jahre-fahrrad-so-feiert-deutschland-das-
jubilaeum-1.3312588 
 
The dandy-horse was greatly improved in the mid-1870s by installing a set of pedals on the 
front wheel of the vehicle, making it possible for the rider to make longer distances in a shorter 
time. This evolution in the dandy-horse, named penny-farthing because of the resemblance of 
its wheels to the largest and smaller coin size, as shown in Figure 8. It became the first bicycle 
used for the practice of leisure activities, which consequently led to cyclo-tourism (Mortal 
Journey, 2011). 
 
Figure 8 - Penny-Farthing. Retrieved November 2018 from 
https://www.mortaljourney.com/2011/03/all-trends/penny-farthing-bicycle-and-the-history-of-the-
bicycle  
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In 1878, the Bicycle Touring Club in Britain was born, derived from the use of the bicycle for 
leisure and recreation activities. This club originated the still existing Cyclists Touring Club, which 
is to be considered the oldest organization in the world relative to bicycles. 
Today's cyclo-tourism differs from cyclo-tourism in the last century, regarding the fact that 
technological development has facilitated and improved bicycle use, leading to enormous 
facilities for cycling practitioners and improving bicycles and bike products in the market. Such 
advancements have led to the evolution of bicycles and diversity of types of bicycles according 
to the context of use (e.g. mountain, road, track, electric, among others), development of bicycle 
routes and equipment used by cyclo-tourists. 
There is, however, little consensus about what cyclo-tourism means from the racing cyclists’ 
perspective, given that cyclo-tourism has historically been in contradiction to the view of cycling 
as sport, but its existence as a spectatorship activity (Cox, 2012). Meanwhile, cycling is an 
embodied and kinaesthetic experience, in which Spinney (2006) points out that the cyclo-tourist 
explores different places with the use of a bicycle as a means of transport and that can have a 
profound impact on the environment and landscape. 
Cyclo-tourism also represents a niche market, despite being linked to broader mobility 
practices and changes in social practices produced in association with emerging discourses 
around sustainability and quality of life (Horton, 2006). Not only it is theoretically associated to 
issues of sports tourism, slow tourism and cultural identification, but it also draws the 
recognized intersection of leisure, recreation and tourism into policies and analyses of everyday 
mobility practices (McKibbin, 2015). 
The association of cycling with tourism can be characterized by the following aspects: (i) use 
of bicycle as the means of locomotion, central to tourism; and (ii) a tradition of cycling events as 
tourist destinations and spectacles to be attended and observed (Gantar et al., 2012). 
Based on the definition proposed by La Chaire de Tourisme de I'UQÀM (1999), a cyclo-tourist 
is an individual who, throughout his stay, uses the bicycle as a main resource of travel or simply 
for leisure purposes. Thus, it is possible to distinguish two types of cyclo-tourists, according to 
the main motivation of the trip: 
• Sports Cyclo-tourist whose journey takes place mainly around the practice of cycling. Their 
main motivation is related with the use of the bicycle, and the destination is selected accordingly 
with their needs associated to the cycling practice; 
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• Punctual cyclo-tourist refers to the tourist who goes on vacation, however, throughout 
his/her stay, (s)he has the habit of using the bicycle as a form of leisure, either in a punctual or 
intermittent way. 
The biggest difference that exists between these two types of cyclo-tourists relies on their 
motivation. Whereas the sports cyclo-tourist chooses the destination in function of the activity 
that (s)he intends to practice, that is, looks for destinations that provide all the necessary 
conditions for the use of the bicycle; the punctual cyclo-tourist prefers the comfort, looking for 
accommodation establishments that offer the opportunity to engage in leisure activities, such 
as bike rides (La Chaire de Tourisme de l’UQÀM, 1999). 
As previously mentioned, cycling has undergone major technological developments over the 
last few years. Among the new technologies, there are the localization devices (i.e. GPS), helping 
to guide the cyclo-tourist to the destination, contrasting with those of the past centuries, where 
only maps were used. For this, much was due to the appearance of several organizations that 
were concerned with this theme. 
 
3.2.1. Cyclo-tourism Organizations 
In Europe and America, several initiatives and routes promoted by cycling associations 
directed towards cyclo-tourism can be easily identified. The Adventure Cycling Association is a 
non-profit organization whose mission is to encourage people to travel by bicycle. It was 
founded in 1973, entitled Bikecentennial, having the purpose of organizing a bicycle tour 
through the United States to celebrate the bicentennial of the country. 
The Adventure Cycling Association researches and produces maps for the Adventure Cycling 
Route Network, one of the largest cycling routes in the world with 66,273 kilometres. Further 
work is being carried out to create a network of routes for the United States of America and 
become the largest cycle route on the planet (Adventure Cycling Association, 2015). 
Another important association is the European Cyclists' Federation (ECT), founded in 1983 
by 12 bicycle users. Currently, the federation has 67 members, representing more than half a 
million of European citizens to use the bicycle in almost 40 countries (ECT, 2014). This 
organisation also promotes the use of bicycle and development of national cycling organizations 
in Europe. 
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Cycling is reported as a means of transport and leisure, sustainability and health, and this 
view is mirrored in the federation’s mission and objectives (ECT, 2014): 
i. Raise the status of the bicycle and show its benefits to individuals; 
ii. Consider the needs of European cyclists in terms of transport, environment, safety 
and health; 
iii. Assist the ECF members regarding their objectives; 
iv. Conduct research on issues related to cycling, transportation, the environment and 
safety; 
v. Assist the ECF members in their bicycle-related activities, reinforcing ECF 
information and advice to them; 
vi. Promote the exchange of information and skills among ECF members; 
vii. Provide information and skills to raise awareness of specific groups, such as travel 
agencies that sell cycling packages, among others. 
This federation is the organizer of EuroVelo13, a single network that embodies a set of bicycle 
routes, interlinking Europe and attracting cyclo-tourists to experience these routes.
 
13 http://www.eurovelo.com/en (Accessed: December 2018) 
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4. Related Work  
Based on the keywords of this dissertation, several projects were studied in order to 
understand their success and influence in the end-user. The projects are detailed in the following 
sections: 
 
4.1. Gamification in Tourism 
According to Jeffrey (2011), the World Travel Market Report predicts that gamification will 
be a major trend for the coming years in tourism. Furthermore, Xu and her colleagues (2013) 
add that the main motivations to play a tourism game are: (i) obtain accurate information about 
a destination in a pre-, during and post-experience; and (ii) be able to interact with other people. 
For that, combining both physical and digital spaces is important in order to merge virtual 
and reality in the players’ mindset, selling an imaginary world of fantasy and fun (i.e. mixed-
reality games). 
 
REXplorer 
An example of a tourism game is REXplorer from Ballagas and his colleagues (2008). This 
game was designed especially for tourists at Regensburg, in Germany, with the purpose of 
informing them about its history in a playfully experience. This mobile, pervasive and spell-
casting digital game offers player encounters with spirits of historical figures that are associated 
with significant buildings in an urban setting. To communicate with these spirits, the player 
waves the mobile phone through the air, imitating the mechanism of casting a spell. 
To play this game, people need to have a mobile phone with the app installed and a 
respective city map brochure (Figure 9). Every time the tourist reaches a building, they need to 
select it via app and a heartbeat vibration will start if the place has a paranormal activity to allow 
the player to cast the spell (Ballagas et al., 2008). According to the authors, one of the features 
of this game that differentiates from others is the freedom of path, choices and pace.  
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Figure 9 - REXplorer brochure, Retrieved November, 2018 from Gaming Tourism: Lessons from 
Evaluating REXplorer, a Pervasive Game for Tourists (Ballagas et al., 2008) 
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Eye Shakespeare  
The English city Stratford upon Avon, hometown of Shakespeare, has developed an app 
entitled “Eye Shakespeare” (Figure 10). This gamified mobile app uses Augmented Reality (AR) 
to provide a 3D virtual Shakespeare to tourists, who introduce his birthplace, show them the 
place around and enables them to take a photo together with this virtual figure. Instead of 
traditional tour guides, this virtual figure tale telling Shakespeare stories is a different and 
entertaining way of touring. By using some game elements (e.g. reward and storytelling) it 
provides tourists with a fun, interactive, and engaging experience (Xu et al., 2017). 
 
These (i.e. REXplorer and Eye Shakespeare) are good example of digital games applied to 
tourism. They succeed to inform players about the history and culture of the subject (e.g. city or 
important/relevant events) in a playful manner.  
 
4.2. Cycling Exergames 
Many senior citizens report happy memories about riding a bike outdoors at a younger age 
but some of them have not the possibility to ride a bicycle again (Join-in Project, 2014). This may 
Figure 10 - Screenshots from Eye Shakespeare, Retrieved November, 2018 from 
http://www.shakespeare.org.uk/visit-the-houses/eye-shakespeare-app.html  
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be due to functional limitations related to age, increased road traffic or easy access to 
convenient motorized transportation. 
Elliptical bikes can be used for exercise by senior citizens, providing a convenient way to 
keep fit and healthy without having to leave home or other buildings. However, cycling alone at 
home or indoor can be very boring, and does not resemble at all to an outdoor bike trip with a 
group of friends. 
 
Exerbiking Join-in Project 
In “Exerbiking” Join-in Project (2014), users are allowed to participate in multi-player online 
cycling trips, using an elliptical bike (Figure 11). In specific, players can ride their bike together 
through pleasant outdoor settings, such as riding a bicycle in a park or by the seawall. When 
cycling, they also see a route map, textual information and miniature photos of other cyclists. 
This cycling exergame runs in a web browser on a tablet mounted on the handlebar. 
 
Figure 11 - "Exerbiking” Join-In Project, 2014, Retrieved November, 2018, from 
https://joininproject.wordpress.com/author/joininproject/ 
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Pedal Tanks 
Hagen and his colleagues (2016) created the game “Pedal Tanks” with a customized 
controller. The controller involves an off-the-shelf exercise bike, sensors detecting RPM (i.e. 
revolutions per minute), and 6 buttons attached to the handlebars of the bike (Figure 12). The 
RPM sensors enable the player to use the bike speed as an input to the game and the handlebars 
buttons enable easy input while using the bike and providing enough buttons for a varied set of 
actions. 
For the purpose of exercising, a significant advantage of this platform is that the exercise 
itself is a direct input to the digital game. If the digital game succeeds to encourage the player 
to pedal enough, the player will be getting a good cardiovascular exercise. The act of pedalling 
is also easy to map to propulsion, providing an intuitive way for the player to control the game. 
 
Figure 12 - “Pedal Tanks”, Retrieved November, 2018, from https://hal.inria.fr/hal-
01758455/document  
 
Pedal Kart 
The goal of Skjæran and Wang’s (2018) exergame prototype entitled “Pedal Kart”, which 
follows the Mario Kart formula, was designed to provide weekly recommended exercises in an 
elliptical bike, while being enjoyable enough to spur people to exercise more (Figure 13). The 
design principles of tying real-world movements directly to in-game movements and ensuring 
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varying the movement intensity, contributed to ensuring a good level of workout. In conclusion, 
the use of games motivated them to perform repetitive exercise movements, in comparison 
with the non-use. 
 
In these cycling exergames (i.e. Exerbiking, Pedal Tanks and Pedal Kart), exergaming is 
suggested to deliver short-term and mid-term enjoyment and engagement and integrate 
workout exercises in the individuals’ daily life. 
 
4.3. Gamification in Cycling 
By searching for apps using the terms “cycling”, “tourism” and “cyclo-tourism” in Google 
Play and Apple Store between July 2018 and May 2019, a considerable number of apps (i.e. more 
than 150 apps) that can track and register rides were identified. Most of them are very similar 
and were excluded to avoid repetition, whereas others are paid and do not contribute in a 
significant way for this study. Table 2 shows the criteria used for the app selection process. 
Figure 13 - "Pedal Kart" test setup, Retrieved November, 2018, from Pedal Kart – The creation and 
evaluation of a cardiovascular exercise bike game (Skjæran & Wang’s, 2018)  
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Table 2 - App Selection Process 
App Functionalities Relevance 
Popularity and 
Classification 
Chosen 
Bikemap 
Track, Register and Explore 
routes; 
Sync with other apps (limited); 
Share on Social Media 
Cyclo-
tourism 
Low No 
Cyclers 
Track and Register (time, 
distance); 
Share on Social Media; 
Community; 
Cycling News; 
Traffic News; 
Prizes and badges; 
Explore routes. 
Cyclo-
tourism 
 
Gamification 
Median  Yes 
Endomondo 
Track and Register (time, 
distance, speed, calories, heart 
rhythm…); 
Sync with other apps; 
Share on Social Media; 
Community; 
Define goals; 
Challenges. 
Cycling 
 
Gamification 
Median No 
Sports 
Tracker 
Track and Register (time, 
distance, speed, calories, heart 
rhythm…); 
Sync with other apps; 
Share on Social Media; 
Community; 
Explore routes. 
Cycling Median No 
Strava 
Track and Register (time, 
distance, speed, calories, heart 
rhythm…); 
Sync with other apps; 
Share on Social Media; 
Community; 
Define goals; 
Challenges; 
Prizes and badges; 
Events. 
Cycling 
 
Gamification 
High Yes 
Zwift 
Track and Register (time, 
distance, speed, calories, heart 
rhythm…); 
Sync with other apps; 
Share on Social Media; 
Community; 
Define goals; 
Challenges; 
Prizes and badges; 
Events. 
Cyclo-
tourism 
 
Gamification 
High Yes 
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As shown in Table 2, only three free apps were chosen, taking into consideration its 
popularity, classification, functionalities and relevance to the theme. These were: Cyclers14, 
Strava15 and Zwift16. In this dissertation, the popularity and classification criteria were based on 
the number of downloads and comments in Google Play and App Store; the functionalities were 
related to the gamification elements; and relevance was relative to its interconnection with the 
theme (i.e. Cyclo-tourism, Cycling and Gamification). 
These apps can be used by the amateur or punctual cyclist as described in Chapter 3, as well 
by the professional one. All apps can be used via PC or MAC and Android or IOS device, although 
Cyclers and Strava are used outdoors and Zwift is used indoors.  
 
Cyclers: Navigation & Community for Cyclists 
The app Cyclers (Figure 14), previously known by “UrbanCyclers”, combines gamification 
and social features in cycling. It enables the end-user to discover cycling routes, adding 
combinations with public transport and bicycle sharing. It notifies the user about the dangers, 
closures and restrictions along the route, providing short-term weather prediction and voice 
guidance navigation. 
Cyclers can also track and save the users’ rides, as well as monitor their personal stats. The 
app enables them to find the most popular route by crowdsourced heatmaps, rate the routes 
they have cycled and help cities to plan a better cycling infrastructure (see Functionalities Table 
2). 
In order to maintain the user motivated to continue to use the app and, more importantly, 
to use the bicycle, the app offers prizes and badges for the cycling achievements, the option of 
sharing and following friends.  
 
 
14 http://urbancyclers.com/app (Accessed: March 2019) 
15 https://www.strava.com/ (Accessed: 12 October 2018) 
16 https://www.zwift.com (Accessed: 12 October 2018) 
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Figure 14 - “Cyclers: Navigation & Community for Cyclists.” Smarter Cycling Series: Big Data and 
Artificial Intelligence Are Transforming Bicycle Navigation, 16 Aug. 2017, Retrieved 29 April, 2019, 
from http://ecf.com/news-and-events/news/smarter-cycling-series-big-data-and-artificial-
intelligence-are-transforming-1 
 
Strava 
Strava (Figure 15) is a Swedish term for “strive,” which refers to the ambition to make great 
efforts to achieve or obtain. It enables the users to track and upload their ride and/or run 
activities using GPS data, either from the app on a smartphone or via a third-party GPS bike 
computer (e.g. Garmin, TomTom, Fitbit) (Strava, 2018). 
The Strava’s service enables millions of cyclists to connect with each other, share their ride 
activities and photos, being an “athlete’s social media”, with the facility to comment on each 
other’s rides and give ‘kudos’ when they feel like it. Groups can also create clubs to organize 
activities or to build communities. Currently, Strava can be used to log a wide range of ride data 
including GPS tracked routes displayed on a map, speed, distance, power output and heart rate. 
This app is considered to have all the road and rail network ever crossed by a biker or a 
runner, divided into two eras of resistance: before the segments and after the segments. 
Created by millions of Strava athletes, the segments mark sections of road or popular rails and 
permit to create a chart of the times recorded by every Strava athlete, who has been there 
before. This is an addicted tool because it incites the athlete to chase for KOMs or QOMs (i.e. 
King of the Mountain and Queen of the Mountain), creating an engagement in the physical 
activity (Strava, 2018). 
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Strava users can sign up for various motivational tasks, such as those that set a distance or 
a climbing goal, since it can meet their intrinsic and extrinsic motivations (e.g. personal progress 
and rewards). Progress is tracked after each race is registered and a "badge" is awarded when a 
challenge is completed. Given these functionalities, this app tends to change the way cyclists 
can communicate and compare their efforts. 
 
Figure 15 - Strava [Nº 1 app for runners and bikers]. (n.d.). Retrieved October 12, 2018, from 
https://www.strava.com/  
 
Zwift 
Although Zwift seems to be an exergame because of the use of a bicycle while looking to a 
monitor with Virtual Reality (VR), their creators stated that it is a software, in which cities and 
routes are being gamified to motivate people to train indoors (Bailey, 2017). 
This software consists on:  
• Riding virtual roads: Cyclists can explore routes used in cycling sports and 
competition segments (e.g. Tour de France, La Vuelta and Giro d’Italia); discover the 
virtual world of Zwift named Watopia; climb mountains, sprint down famous 
stretches of road or even ride inside a bubbling volcano; 
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• Structured workouts: The software works with the elite World Tour coaches to 
design specific and personalised workouts so that cyclists can achieve what they 
want to become. Programs are tailored to each one’s fitness level and are easy to 
follow. It is also possible to train alone or to join in a scheduled group workout; 
• Social group rides: Zwift experience allows the end-user to ride with cyclists from 
over the world. The user can select numerous of events with different levels (i.e. 
from social easy rides to intense races with real prizes), in which friendly 
competition can maintain people motivated to finish a route and giving the best of 
themselves. 
In order to use Zwift (Figure 16), the user needs a bike; a bicycle trainer or rollers with ANT+ 
or BLE power meter/speed sensor; a PC/MAC, an Android or IOS device or an Apple TV to open 
the software; and a bridge/receiver for the ANT+/BLE signal (Zwift, 2018). As the cyclist uses the 
bike pedals, the trainer permits the bike to rotate in place while the sensors send that data to 
the device via ANT+/BLE. Zwift then connects over the Internet to let people ride with other 
Zwifters around the world. 
 
Figure 16 – Zwift [The at home training app connecting cyclists around the world] (n.d.). Retrieved 
October 12, 2018, from https://www.zwift.com  
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In response to the sub-question of this study “What are the current market-oriented digital 
apps that can address cyclo-tourism?” (mentioned in the Introduction – The Research Question), 
Strava is the most used app by cyclists all over the world, being very complete in terms of 
gamification and user’s engagement. However, it does not cover the tourism aspects that are 
relevant to this study nor others applied to senior citizens (e.g. weather prediction; popular 
routes; nearby conveniences – hotels, hospital, bike shops; bicycle tutorials; history/culture of 
the location).  
Zwift is another cycling app that has some tourism references (i.e. routes from cycling 
competitions), but this VR app is mainly used indoors, preventing the user to use an actual 
bicycle outdoors. 
Cyclers is an app that is relatively new with a good aim to the cyclo-tourism segment. It has 
some successful features and functionalities (e.g. warnings) but it presents some deficiencies in 
terms of its application in tourism (e.g. lack of historical and cultural information) and sports 
(e.g. track and register speed, calories and heart rhythm). 
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Final Thoughts on the Literature Review 
Today’s reality of an aging population is a result of the world’s improvement in 
socioeconomic development, health and living conditions and that has brought age-related 
challenges in product development and interface design. The number of senior citizens is 
estimated to rise considerably from 2002 to 2025 and that growth has led the game industry 
and other sectors (e.g. tourism) to reinvent themselves. 
Digital games have been attracting senior citizens over the past few years, being their age 
group one of the biggest consumers (Zheng et al., 2013). That said, when designing to this target 
audience, there are some important guidelines to follow such as being adaptive and assisting, 
increasing or rehabilitating the individual’s capabilities. 
Nowadays, the impact of digital games is notorious. They are being used in such sectors as 
tourism and sports with the purpose of increasing their popularity and although they have been 
widely used in the sports’ field, its application in the tourism sector have been overlooked.  
Even if apps like Zwift can be applied to the tourism sector, they were not designed for that, 
relying more on the fantasy and sport with virtual characteristics. As aforementioned in previous 
chapters, there is a lack of work related to sports or physical exercise and tourism combined, 
which opens up an opportunity to approach this issue, concerning senior citizens and their 
adaption to their needs and preferences. 
For designing a gamified app, understanding amotivation, intrinsic and extrinsic motivations 
is also essential in order to interlink the end-user’s behaviour with persuasive design. Therefore, 
gamification plays an important role on this subject and that can be key components to motivate 
senior citizens to cyclo-tourism.
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5. Empirical Research 
The purpose of this research is to understand the way gamification can motivate senior 
citizens to cyclo-tourism. In this section, an overview of the Development Research Method is 
presented, and the associated methods, technologies, procedures and tools used for data 
collection are described. 
 
5.1. Development Research Method 
As mentioned in the Introduction, the research question “How can gamification motivate 
senior citizens to cyclo-tourism?” has led to the use of Development Research Method. Such 
methodology framework would enable us to understand the design factors influencing the 
adoption of a gamified app to motivate senior cyclo-tourism and prototype a digitally-mediated 
solution. 
The qualitative approach is contextual and occurs in a natural setting. Whether following a 
rigorous procedure, it can even be used to corroborate theoretical propositions from the 
literature review; and be applied to a number of contexts where little is known about a 
phenomenon, offering new perspectives of analysis (Sutton & Austin, 2015). 
By using the Development Research Method, problem-solving is divided into six phases: (1) 
Analyse the problematic and assess to previous studies; (2) Elaborate a model during the 
conception process; (3) Develop strategies of achievement; (4) Evaluate the possibilities of 
realization; (5) Propose a prototype; and (6) Implement it (Maren, 1996). 
Considering that there is a general lack of research on innovative design and development 
processes (Richey & Klein, 2005), identifying a conceptual framework grounded in practice 
environments is relevant to the foundational theory of this project. 
The main reason for using this method was because 'traditional' research approaches (e.g. 
experiments, surveys, correlational analyses) with their focus on descriptive and inferential 
knowledge barely can meet the demands of diverse design and development problems in any 
research theme. Development research tends to be ambitious, innovative and complex, given 
the factor that it is likely to occur in the participants’ natural work environments, aiming at 
supporting the obtained results and giving credibility to the study (Akker et al, 1999). 
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It is worth noting that the goal of this method is not to elaborate and implement complete 
interventions and have a functional product, but to originate a successive prototype that 
increasingly meet innovative aspirations and requirements.  The process is often cyclic or spiral, 
by embodying the following activities: analysis, design, evaluation and revision activities, which 
are iterated until a satisfying balance between ideals and realization has been achieved. 
Table 3 shows the scheduled activities that were carried out for the Development Research 
on this dissertation. 
Table 3 - Scheduled activities that were carried out in the Development Research 
Steps Dates Activities Method Data Collection 
1 – Analysis and 
Evaluation of the 
Situation 
July 2018 to 
April 2019 
Literature review; 
 
App analysis; 
 
Plan the focus group 
sessions, interviews 
and eye-tracking. 
Literature 
review 
Systematic 
Literature Review 
  
2 – Conception and 
Design of the 
Prototype 
April 2019 to 
May 2019 
Conception: Involve a 
group of senior 
citizens at the 
University of Third 
Age in the Co-Design 
Process; 
 
Interview a group of 
cyclists aged 55 and 
over from Portugal 
and other countries. 
 
Development: Design 
of a prototype 
AXE Approach 
 
Participatory 
Action Research 
 
Focus Groups17 
 
Interviews 
Participant 
Observation18 
 
Field Notes 
 
Co-Design 
 
Group Discussions 
 
Interview Guide  
3 – Implementation 
and Evaluation 
May 2019 to 
June 2019 
Test of the prototype 
AXE Approach 
 
User 
eXperience 
 
Eye-Tracker 
Participant 
Observation 
 
Field Notes 
 
Eye-Tracking 
 
As shown in Table 3, this research was divided into a 3-step process, being in accordance 
with the procedures undertaken in Development Research Method (Maren, 1996). These steps 
 
17 Focus groups can be considered either a method or a technical tool for data collection. 
18 There is a discussion whether participant observation should be considered a method or a technical 
tool for data collection (Jorgensen, 1989). 
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were: (1) Analysis and Evaluation of the Situation; (2) Conception and Design of the Prototype; 
and (3) Implementation and Evaluation. These activities began in July 2018 and lasted until June 
2019, involving multiple sources of data (i.e. literature review, participant observation with field 
notes, interviews and eye-tracking). 
For further understanding of the planned research, each step will be described in detail in 
terms of the activities that were carried out, the method and instruments used for data 
collection. 
 
5.1.1. Description of the Research Steps 
A. Step 1 – Analysis and Evaluation of the Situation 
In this step, topics related with Senior Citizens, Gamification, Motivation and Cyclo-tourism 
were reviewed to further understand the phenomenon of the use of gamification in senior cyclo-
tourism.  
After the literature review conducted between July 2018 to April 2019 and app analysis (see 
4. Related Work), a set of focus groups sessions, eye-tracking and interviews were planned and 
divided. Table 4 provides an overview of the methods that were planned.  
Table 4 – Overview of the methods planned 
Method Participants 
Time 
Period 
Session 
number 
Activity 
Focus 
Group 
Senior Citizens from the 
University of Third Age of 
Gafanha da Nazaré 
May 2019 
1 
Introduction to 
Cyclo-tourism 
2 
Take a bicycle 
ride 
3 Co-design 
 4 App Evaluation 
Eye 
Tracking 
Senior Citizens from the 
University of Third Age of 
Esmoriz 
May 29th   
2019 
1 App Evaluation 
Interview 
Cyclists aged over 55 years 
old from Portugal and other 
countries 
May 2019 – 
June 2019 
1 
How should a 
cyclo-tourism 
app be 
2 App Evaluation 
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Within the scope of the SEDUCE 2.0 research project, adult learners at the University of Third 
Age of Gafanha da Nazaré were invited to four focus group sessions, whereas the learners of the 
University of Third Age of Esmoriz participated in an eye-tracking session. Additionally, an 
interview protocol was conducted to gather the perspective of cyclists aged 55 and over, from 
Portugal and other countries, on the use of game elements and techniques to motivate to cyclo-
tourism. 
The purpose of the sessions involving Focus Groups (Session 1, 2, 3 and 4), Eye Tracking 
(Session 1) and Interviews (Session 1 and 2) was to understand the needs and preferences of 
senior citizens relative to: (a) the use of gamified apps (activities: Introduction to Cyclo-tourism, 
Take a bicycle ride and How should a cyclo-tourism app be); (b) skills and competences in the 
use of technology (Eye-tracking activity: App Evaluation); (c) involvement of a group of senior 
citizens in the process of designing and developing prototypes (activities: Co-design) and 
usability testing for the app evaluation (all methods’ activity: App Evaluation); (d) a clarification 
of this project framework on active aging and self-motivation concepts (activity: Introduction to 
Cyclo-tourism); and (e) development of a gamified app in cyclo-tourism context (activity: Take a 
bicycle ride and How should a cyclo-tourism app be). These planned sessions were crucial to 
carry out the co-design sessions described in Step 2 – Concept and Design of the Prototype. 
B. Step 2 – Concept and Design of the Prototype 
This step initiated with problem-solving led by the researcher and the team of participants. 
The researcher attempted to build alliances with the participants in order to understand and 
assess the senior citizens’ interaction with digital devices, and this process required high levels 
of commitment and engagement in the search of the best solution (McIntyre, 2008). Both the 
researcher and participants generated game ideas and, subsequently, co-designed some of 
these ideas and transformed them into game concepts. 
In order to understand the requirements that a gamification app should have to motivate 
senior citizens to cyclo-tourism, this step was performed by focus group sessions with 
Portuguese adult learners at the University of Third Age of Gafanha da Nazaré combined with 
the interviews with cyclists aged 55 and over from Portugal and other countries. According to 
Goodwin (2009, p.56) “combining observation with interviews will allow you to gather rich 
useful information […] and minimize self-reporting error” and, thus, gathering information from 
different sources gave further insights into prototype design. 
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Whereas the conception of the prototype encompasses two focus group sessions and an 
interview, the development of the prototype also includes one focus group session and the 
inputs received by the cyclists’ interviewees. Tables 5 and 6 show the description of activities 
that were carried out in both the conception and development phase. 
Table 5 – Description of the conception phase  
 Session Description 
Focus Group 
1 
Introduction to cyclo-tourism 
Introduce the researcher, the research project, 
procedures, main goals, the topics to be drawn 
during the course, and chronogram; 
Discuss motivations to ride a bicycle, the concept 
of tourism and cyclo-tourism.  
2 
Bicycle ride 
Use the Strava app to record and understand the 
pros and cons of its use. 
Interview 1 
How to design a cyclo-tourism app  
Acknowledge the cyclist’s preferences when 
traveling regarding the use of an app. 
 
Table 6 – Description of the development phase 
 Session Description 
Focus Group 3 
Co-design 
Introduce the concept of gamification (elements 
and examples); Show intrinsic motivation 
associated with gamification; Build an app by using 
collage techniques to meet the cyclo-tourist’s 
needs. 
Interview 2 
Inputs  
Collect data from the cyclists’ interview. 
 
C. Step 3 – Implementation and Evaluation 
The prototype review process was done in order to validate the created model and meet 
the research implementation and evaluation goals. A demo of a gamified app co-designed with 
the end-users was presented, played and, lastly, tested with eye-tracking. A group of cyclists’ 
users aged 55 and over were also interviewed and tested the app, aiming at crossing different 
sources of data. Then, the results were interpreted.  
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In this step, the researcher worked as a team with the usability testers, by observing the 
end-users testing the prototype and discussing its design. The end-user’s comments were taken 
into consideration for future improvements of the prototype that was build. 
 
5.1.2. Description of the Methods Used 
In the topic ‘Description of the Methods Used’, each method used in different research steps 
are explained. Whereas the first step focused on the literature review, the following methods 
were used in Step 2 – Conception and Design of the Prototype: (a) AXE Approach, (b) 
Participatory Action Research, (c) Focus Groups and (d) Interviews. In Step 3 – Implementation 
and Evaluation, the methods used were: (a) AXE Approach, (b) User eXperience and (c) Eye-
Tracker. 
• AXE Approach 
Considering that AXE (Anticipated eXperience Evaluation) qualitative method relies on the 
user’s experience and their daily life context, it was chosen for this research in order to direct 
the digital app towards the end-users’ motivation and changes in behaviour (see 2.4. Motivation 
and Behavioural Design). This approach can be divided into three major steps: (1) concept 
briefing; (2) concept evaluation; and (3) data analysis (Gegner & Runonen, 2012).  
Basically, this approach involves the establishment of design targets that enables a shared 
understanding of the project goals during its development and the ability to assess whether the 
user’s perception of the concept matches the prototype development goals. 
• Participatory Action Research (PAR) 
According to Greenwood and Levin (2013, p.122), action research is regarded as “systematic 
and orientated around analysis of data whose answers require the gathering and analysis of data 
and the generation of interpretations directly tested in the field of action.” A community-based 
approach towards a daily problem is followed, both involving the observant-participant 
researcher and the study participants. 
Minkler (2000, p.191) defines Participatory Action Research as a “cyclical process of fact 
finding, action, reflection, leading to further inquiry and action for change”, being an alternative 
to knowledge development and products’ improvement. Another aspect of PAR is that the 
5. EMPIRICAL RESEARCH 
GAMIFICATION AND SENIOR CYCLO-TOURISM: DESIGNING AN APP FOR THE MIONE COMMUNITY 
 
 
65 
University of Aveiro | Master in Multimedia Communication | Cláudia Ortet 
participants are not only considered subjects of research, instead they are defined as active 
contributors, since they participate in the whole research process. 
In general, PAR was applied to this research by involving the end-users in the design and 
evaluation process, as mentioned in 2.5. Designing for Senior Citizens. Focus groups, participant 
observation, field notes and interviews are some of the common effective methods used for 
data generation and data collection employed in PAR. These were also used in this research to 
gather further information and determine the components of a gamified app in cyclo-tourism, 
co-designed with senior citizens. 
• Focus Group 
A Focus Group (FG) or a discussion group is a qualitative research and data collection 
technique and/or method that consists of selecting a sample of individuals, who are 
representative of specific segments of the market or the target audience (Galego & Gomes, 
2005). The participants are gathered in a common space, in sessions conducted and registered 
by a team of interviewers, where a structured set of questions is asked in order to gather specific 
information that is in accordance with the objectives set for the session (Tracy, 2013). 
Focus Groups can provide valuable information in an early development stage of a product 
in case of getting feedback on a concept idea or a product in a timely manner. Indeed, one of 
the main advantages is the ability of assessing the participants’ non-verbal communication and 
visual cues (i.e. facial and vocal expressions) that overpass possible limitations with their self-
reported experience (Fullerton et al, 2008). When the researcher involves the participants in the 
co-design process of a game or an app and validate game ideas and concepts, focus groups can 
be an innovative source by meeting the end-user’s needs and context (Fullerton et al, 2008). 
• Interviews 
Interviews are a method used in PAR which “enable participants to describe their situation” 
(Stringer, 1999, p.68), giving a broader perspective on the participants’ ideas and thoughts and 
understanding the story associated to the participant’s experiences. Both the researcher and 
the participant share and learn throughout the interviewing process in a reciprocal way. 
A qualitative research interview seeks to cover both factual and meaningful life events of 
the interviewee, although in this latter, focus group are the most effective method due to the 
relationship build between the researcher and participants (Kvale, 2007). 
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The general interview guide ensures that the same topics are discussed and, therefore, the 
same information is collected from each interviewee. This provides not only focus, but also some 
freedom and adaptability in getting the information from the participant, while pursuing in-
depth information around the topic (Watson, 1997). 
In terms of the procedures to be undertaken, it is important to be prepared for the interview 
by choosing a setting with no (or minimal) distractions; explaining the purpose, format and 
duration of the interview; addressing terms of confidentiality; allowing the participants to feel 
comfortable, inquisitive and true to their answers and to ask questions; and preparing the data 
collection procedures and instruments (e.g. field notes) (Rose, 1994). 
• User eXperience (UX) 
UX is a term frequently used in the literature (e.g. Dumas & Redish, 1994; Abras et al., 2004; 
Seidel et al., 2005; Hassenzahl & Tracktinsky, 2006; Väänänen-Vainio-Mattila et al., 2008), but 
to date, a generally accepted definition is lacking. Most of the authors can agree that user 
experience is more than just assessing product’s usability and utility, in the same way that 
product development is not only about implementing features and testing their usability (Seidel 
et al., 2005; Hassenzahl & Tracktinsky, 2006).  
User experience is also considered to be the key concern in the heart of product 
development (Väänänen-Vainio-Mattila et al., 2008), because it brings a much more humanistic 
approach by relating the hedonic level of personal Human needs and values, which motivate 
people to use a set of products and help managers set UX targets for product development. 
This means that User-centred Development (UCD) is still the key to design a good User 
Experience, since it is crucial to understand the users’ needs and values beforehand in order to 
design and evaluate a prototype or validate the proposals (ISO, 1999). 
According to some authors (e.g. Dumas & Redish, 1994; Abras et al., 2004) Usability Testing 
is a technique used to evaluate if a product or a service can achieve the following principles: 
1. Improve the usability of a product; 
2. Involve the end-users in the evaluation process; 
3. Provide real tasks to the end-users; 
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4. Observe and register the participants’ actions; 
5. Evaluate the data collected and make the necessary changes. 
Since it is an assessment focused on the needs of real users, it uses empirical evaluation 
methods in an iterative design and development process (Nielsen, 1994). 
• Eye-Tracker 
An eye-tracker is a stationary equipment that can measure where the end-users are looking 
at a certain point in time, how long they look and their eyes’ path on such a broader range of 
devices as PC screen, laptop, tablet, smartphone or even paper. This means that it can detect 
the users’ presence, attention and focus through the display patterns of stimulations that are 
exhibited on the screen.  
This equipment consists of an infrared light laser, a video camera and a software. In brief, 
the eye-tracker projectors create a pattern of an infrared light on the cornea and pupil, enabling 
the cameras to detect and take high-resolution pictures of the pattern that the user’s eyes do 
(Tobii, 2015). Then, image processing and mathematical algorithms enable the researcher to 
know where the user was looking by determining the point of gaze relative to the user’s eyes 
and presented stimuli.  
The main goal of using the eye-tracker was to obverse the user’s gaze on a surface (Figure 
17), being the eye-tracking data a prerequisite for assessing visual attention (Schiessl et al., 
2003). 
 
 
Figure 17 - How Eye-Tracker Works, retrieved from https://www.tobii.com/group/about/this-is-eye-
tracking/ Accessed: May 2019 
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5.1.3. Techniques and Tools used for Data Collection 
• Participant Observation 
Participant observation that is usually used in PAR, is an innovative qualitative research 
method of inquiry and a rich source of data collection (Marshall & Rossman, 2006), owing to the 
fact that enables the researcher to engage and become a part of the observation and immersion 
process in the setting by hearing, seeing, and experiencing the reality of the social situation with 
the participants. 
Participant observation requires systematic noting and recording of events, behaviours, and 
objects in the social setting using detailed field notes. As a result, the researcher can gather 
information about the events and agents of the communication process that (s)he is witnessing 
(Streubert & Carpenter, 1995). 
• Co-Design techniques 
Co-Design, originally known as co-operative design or Participatory Design (PD), results from 
a set of applied theories and practices that involve the end-user in activities that inform, test 
and drive the development of digital products and services, encouraging them to be co-
designers (Muller & Druin, 2003). This technique develops a shared sense of ownership of the 
project with the researcher, designers and developers, among other stakeholders.  
Muller and Druin (2013) draw our attention to the fact that prototyping artefacts can be 
considered as a co-design technique. These are aimed at the building of different products – 
Low or High-Fidelity prototypes – and they can be advantageous to provide a specific and 
descriptive view of the end users’ subjective experiences and emotions. Prototyping also 
enables the development and incorporation of new ideas and characteristics into a product or 
service and its limitations and context use can be easily identified.  
As part of the co-design process, the technique used was PICTIVE (Plastic Interface for 
Collaborative Exploration Technology through Video) (Techopedia, 2015), since it seems to be 
the most suitable for the engagement of senior citizens in the design process, enabling non-
technological oriented people to contribute with ideas for product/service development 
(Schuler, 2017). PICTIVE is a paper mock-up technique that represents graphical user interfaces 
in paper or plastic, and that way the end-users participate in the development process, 
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anticipating what the prototype will look like and how it will behave, avoiding the need for the 
users’ specialized knowledge (Schuler & Namioka, 1993). 
Scenario Building was another technique that was used. Scenarios in the Human-Computer 
Interaction (HCI) field help the researcher to understand and suggest the applications of 
artefacts in Human activity (Carroll, 2000). Scenarios can be concrete and flexible, helping 
designers to work with the fluidity of design condition and addressing the challenge of technical 
design. They can promote work-oriented communication among researchers and participants, 
facilitating design activities and encouraging different opinions and points of view that can 
contribute to the design process, and meet the users’ needs and concerns in different contexts 
(Carroll, 2000). 
Combined with the techniques mentioned before, Collage was also used. Collage is a 
technique that has been used over 1000 years ago, although it is best-known from the technique 
used by famous artists such as Picasso and Braque. It is often characterized by the use of pieces 
of materials that are glued into a flat surface to represent a phenomenon (Butler-Kisber & 
Poldma, 2010) and elicit new ideas. According to Elsner and Cardinal (1994), collage can be 
considered as a collecting technique, in other words, different items can be gathered and 
grouped according to a certain pattern. 
• Eye-Tracking 
In a broader sense, eye-tracking is a technique, in which eye movement is recorded whilst 
the user is looking at an inducement/stimulus. It measures where the users are looking at, for 
how long, what they ignore, when they blink and how the pupil reacts to different tasks and 
stimulations. 
Eye-tracking data is collected using an eye-tracker equipment that includes a light source 
(e.g. infrared light), a camera and possible connection to a computer. The light source is directed 
towards the eye, while the camera tracks the reflection of the light source along with visible 
ocular physiognomy, such as the pupil. This data is used to deduce the rotation of the eye and 
likewise the gaze direction. 
This technique makes possible to understand what works and what does not work in design, 
giving the opportunity to test with the end-users, gather their feedback (by the eye-tracker 
measurements, but also their opinion of the product tested), analyse the results and implement 
the necessary changes to achieve a better outcome. 
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Eye-tracking technology has the advantage of not influencing the users, since it can record 
immediately the information, which is used to solve interface-related problems (Wu, 2012).  
Overall, eye-tracking has potential use in UX because it is often non-invasive, which make it 
easier for participants to concentrate on their tasks. It is also possible to combine eye-tracking 
data with existing usability metrics (i.e. efficiency, satisfaction, accuracy), cross different sources 
of data and further understand the perceived problems in interface design (Bergstrom & Schall, 
2014). 
 
5.2. Research Contextualization  
5.2.1. Universities of Third Age 
• Universidade Sénior da Gafanha da Nazaré 
The aim of Universidade Sénior da Gafanha da Nazaré19 is to create and foster regular social 
and cultural activities, educational and social, preferably to and for citizens aged 50 years old 
and over. The University of Third Age operates in working hours, from Monday to Friday, and 
adult learners can attend the courses and activities according to their interests and desires. 
Educational activities are non-formal, non-certified, outside of the traditional school system 
and in a context of lifelong training in proactive dynamics. The program content privileges the 
dissemination of local and national cultural heritage, mobility, as well as it encourages cultural 
innovation and the use of new technologies. 
The University of Third Age offers a set of social and cultural activities, taught by volunteer 
teachers who can also be students. Some possible Social and Cultural Activities are: Conviviality 
(e.g. parties, trips, cinema, theatre); Culture (e.g. museums, visits to cities, monuments, 
exhibitions, lectures, colloquia); and Dissemination of knowledge, knowledge and traditions. The 
courses offered include English, Informatics, Photography and Communication, Gardening, 
Dancing, Music, Sewing, and Arts. 
 
19Universidade Sénior da Gafanha da Nazaré 
https://www.facebook.com/universidadeseniorgafanhanazareilhavo/ (Accessed: May 2019) 
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• Universidade Sénior de Esmoriz 
The Universidade Sénior de Esmoriz20 intends to promote regular social, cultural, educational 
and social activities aimed at people aged 50 years old and over. 
The objective is to create a space for the social participation in senior citizens, fostering 
active aging, reducing their degree of dependence on others and enriching their personal 
formation and developing unexplored skills. 
Some of the goals are: 
(a) Improving the quality of life of senior citizens; 
(b) Promoting several activities, such as social and cultural activities; 
(c) Fostering senior citizens’ civic participation, especially after retirement; 
(d) Educating for citizenship, health, volunteering and lifelong learning; 
(e) Informing senior citizens’ duties and rights; and 
(f) Volunteering, in and for the community. 
 
5.2.2. Participants 
The sample used in this study was purposively selected and, therefore, data cannot be 
extrapolated to other contexts. 
As shown in Table 7, the sample consisted in 7 participants from the focus group, 8 
participants from the eye-tracking and 31 participants from the interviews.  
Table 7 - The number of participants of this study 
Method Sample 
Focus Group 7 
Eye-tracking  8 
Interview 31 
 
20 Universidade Sénior de Esmoriz https://rutises.wixsite.com/esmoriz (Accessed: May 2019) 
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In relation to the focus group sessions, the criteria used for selecting the participants of the 
University of Third Age of Gafanha da Nazaré were: (a) being aged 55 years old and over; (b) 
know how to read and write; (c) know how to ride a bike; (d) voluntary participation; and (e) 
interest in learning Informatics. The sample consisted in 7 participants, 71,4% males (n=5) and 
28,6% females (n=2), aged between 57 and 80 years old.  
Although gender may not be adequately represented in this study and there may be some 
member and gender bias owing to the fact that the participants were from the same institution, 
the researcher ensured that all participants expressed their individual and collective opinions 
and experiences with, for example, the use of individual cards. 
In terms of eye-tracking session, the adult learners at the University of Third Age of Esmoriz 
were invited to the University of Aveiro to test the online community miOne from the SEDUCE 
2.0 project. The invitation was addressed to the ones who were attending the classes of 
Informatics, giving them the opportunity to test the online miOne community, games supported 
by the SEDUCE research project and the proposed cyclo-tourism app. The sample consisted in 8 
participants, 50% males (n=4) and 50% females (n=4), aged between 59 and 78 years old. 
In terms of the interviewees, they were invited via Facebook and Strava cycling groups. The 
criteria used for the participants’ selection were: (a) being a cyclist; (b) being aged 55 years and 
over; and (c) voluntary participation. Figure 15 illustrates the percentage of interviewees’ 
nationalities. 
Figure 18 - Interviewees' nationalities 
 
42%
26%
13%
3%
3%
3%
3%
7%
Cyclists' Nacionalities (n=31)
UK US Portugal Canada France Netherlands Italy Denmark
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As shown in Figure 18, the sample consisted in 31 participants, 54,8% females (n=17) and 
45,2% males (n=14). Regarding the cyclists’ nationalities, 42% were from UK (n=13), 26% from 
US (n=8), 13% from Portugal (n=4), 7% from Denmark (n=2), 3% from Netherlands (n=1), 3% 
from Canada (n=1), 3% from Italy (n=1) and 3% from France (n=1).  
 
5.2.3. The role of the researcher 
In a qualitative study, the researcher has an essential role in collecting, interpreting and 
attributing meaning to data. It is important to have some level of experience and empathy to 
conduct the group discussions, collecting information and analysing the data. As overstated by 
Damásio (2004) in 2.4. Motivation and Behavioural Design, emotions can affect the individuals’ 
decision-making process, and, therefore, having an impact in product design. Nonetheless, being 
familiar with the participants who will be involved in the research project can bring some bias 
to the study. 
Although I have never conducted a focus group before, and only attended a few, I followed 
some guidelines and previous procedures on how to do it. Even though the planned sessions 
were tested with a research group and the first focus group session was supported by a 
researcher from the SEDUCE 2.0. research project in order to overpass my lack of experience, it 
was a completely new experience for me, with the particularity involvement of a different age 
group in the design process of a digitally mediated app.  
Despite that, it felt natural to work with senior citizens, facilitating the process of conducting 
the focus group sessions, eye-tracking session and some face-to-face interviews. In the 
researcher’s opinion, this fact contributed to the veracity of this study results, because there 
were no compromising results whatsoever.  
 
5.3. Conceptualization Process 
Between May and June of 2019, a set of focus group sessions (Session 1 – 3) and interviews 
were carried out to assess the participants’ context and, subsequently, to create a gamified app 
that would motivate senior citizens to cyclo-tourism.  
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Each focus group session had an average duration of 90 minutes and took place at the 
University of Third Age of Gafanha da Nazaré at 3.30 pm. Senior citizens, who participated in the 
study were endowed with different skills and their technical insight, and involvement in 
prototype development was important in order to meet the requirements of a user-centred 
approach. 
5.3.1. Focus Group Sessions 
• Session 1 – Introduction 
Session 1 was held at the University of Third Age of Gafanha da Nazaré on the May 7th, 2019, 
at 3.30 pm. The session was aided with visual presentation, cards (shown in Figure 19, 20 and 
21) and post-its. Since each participant owned a bicycle and knew how to ride it, the goal of this 
session was to ask participants about the motivations to ride and not to ride a bike, as well 
discussing the benefits of riding a bike, what to bring to a bicycle ride, and how to plan and share 
a bicycle ride. 
The participants used the cards shown in Figure 19 to write their motivations to ride on the 
green card and the barriers to their motivations on the red card. 
 
 
Figure 19 - Cards used for the motivation’s questions 
 
Regarding the plan of the bicycle ride the participants used the card shown in Figure 20 to 
plan the ideal bicycle ride. 
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Figure 20 – Card used for the ideal bicycle ride plan 
 
Participants also used the card shown in Figure 21 to express what, how and whom they 
would share their bicycle ride. 
 
Figure 21 - Card used for the bicycle ride share 
 
Then, a brief definition of tourism ("Set of activities involving the individual's movement 
from one point to another.") was provided and the participants were asked to show their vision 
of tourism.  
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Finally, the term cyclo-tourism was introduced and the participants gave their opinion on 
the topic after the definition was presented ("Any activity, be it cyclist or not, for those who are 
on vacation for more than one day, and for whom the bicycle is an essential part of the trip, 
even if it is not used at all the moments.”) (Resende & Filho, 2011).  
In the end of this focus group session, two alternatives were offered for a bicycle ride for 
session 2. These alternatives were due to the participants’ preferences relative to the 
environment, distance and effort. However, they expressed some disagreement towards the 
proposed routes, since the starting point was not at the University of Third Age, a place they 
were familiar with. Hence, it was necessary to elaborate a new route that met the participants 
requests. 
• Session 2 – Bicycle ride 
This session was held on May 14th, 2019, beginning at the University of Third Age of Gafanha 
da Nazaré at 3.30 pm. and returning at 5.30 pm, and the participants cycled a total of 30km. The 
goal of this session was to assess the participants’ main difficulties when interacting with the 
digitally-mediated platform Strava in a cycling context and identify the app limitations. 
As mentioned before, a new route was elaborated to meet all the participants needs. Before 
starting the course, the professional road cyclist Fernando Duarte, who was recruited for 
assisting the cycling activity, was presented and ensured participants’ safety, guidance and 
motivation. Helmets were given to all the participants (Figure 22). 
 
Figure 22 - Starting point of Focus Group Session 2 - Bicycle ride 
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Six participants began the route from the University of Third Age, but one participant met 
the group halfway – POI Costa Nova. All participants had a smartphone with the Strava 
application installed and were asked to take pictures of what they found interesting during the 
bicycle ride. 
• Session 3 – Co-design 
Session 3 was held on May 21st, 2019 at the University of Third Age of Gafanha da Nazaré at 
3.30 pm. The session was aided with a visual presentation, mock-ups cards and paper cut-outs 
of gamification elements (Figure 23). 
 
Figure 23 - Example of mock-ups cards and paper cut-outs of gamification elements from Focus Group 
Session 3 
 
The gamification term was clarified and the relation between gamification and motivation 
was covered by providing various examples of cycling apps, as gamification elements were 
shown for easier understanding (Figures 24 and 25). It is worth noting that the gamification 
definition and motivation theories were explained in 2. Gamification and Motivation. 
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Figure 24 - Gamification Elements used in the Co-Design Focus Group Session (1) 
 
 
 
Figure 25 - Gamification Elements used in the Co-Design Focus Group Session (2) 
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Taking into consideration the use of Strava in the bicycle ride and all the difficulties that 
were found, the participants were asked to help to design an app, with gamification elements, 
aiming at motivating senior citizens to cyclo-tourism. A set of mockup cards and paper cuts of 
gamification elements were given to the end-users in order to facilitate the scenario-building 
and collage co-design techniques, in which each participant created two scenarios of what the 
perfect cyclo-tourism app would be before, during and after a ride (Figure 26). 
 
Figure 26 - Session 3 - Co-design 
 
Based on the outputs from these sessions, the researcher developed a prototype and 
crossed the data obtained with the perspectives of cyclists aged 55 and over, who were 
interviewed. 
 
5.3.2. Interviews 
A semi-structured interview was used to gather the perspectives of bike users aged 55 and 
over on the use of game elements and techniques to motivate cyclo-tourism (Table 8).  
In the beginning of the study, only face-to-face interviews with cyclists from Portugal were 
planned, but it was found to be difficult to arrange a place and hour at the both the interviewees 
and interviewer’s convenience, causing withdrawal and non-responses (5 cyclists accepted to 
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do the interview but, only 2 interviewees were available). Although an online conference was 
also an alternative, most of the participants seemed to avoid it. Therefore, the solution found 
was to recruit cyclists from all over the world via an online survey, ensuring their privacy and 
anonymity. 
After asking about their gender, age, nationality, duration and frequency of their cycling 
activity, a set of 6 questions with sub-questions were asked. Table 8 provides an overview of the 
questions used to interview cyclists aged 55 and over. The questions were then divided into data 
collection and data analysis questions. 
 
Table 8 - Overview of the questions used to interview cyclists aged 55 and over 
 
 
 
 
 
Research question Data collection questions Data analysis questions 
How can gamification 
motivate senior citizens 
to cyclo-tourism? 
1. What lead you to choose the 
destination for cycling? 
What are the main factors that 
influence cyclists’ destination 
choice? 
2. Do you use any app when you cycle? 
What do you do when using it? 
Which are the main features that 
an app should have to motivate the 
end users to cycle? 
3. What motivates you to cycle? 
What are the most cited 
motivations for cycling? 
4. What concerns do you have with 
the environment when you are on 
holidays or/and visit new places? 
What concerns do people have 
with the environment and, 
therefore, contribute to 
sustainable tourism? 
5. In your perspective, what could the 
multimedia sector do to contribute 
to cyclo-tourism? 
What are the key technological 
features and strategies that can 
influence changes in behaviours 
towards cyclo-tourism? 
6. What concerns do you have while 
cycling? 
What are the main risks that may 
affect cyclists’ experience? 
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5.3.3. The “Jizo” Brand 
A. Naming and Logotype 
An effective brand name can boost awareness and create a positive image associated to a 
product (Aaker, 1997). Creating a new brand name is a challenging effort, as demonstrated by 
the rising number of new brand names and resulting need for a corporate identity. 
According to Beklemysheva (2019), the naming process is important to brainstorm ideas and 
associate a concept to a product or service, make the name stand out, create a meaning within 
the app, conduct market research and create an attractive logo. 
While brainstorming ideas for the name, the purpose and the audience were in focus. The 
words, terms and concepts of ‘cycling’, ‘tourism’, ‘cyclo-tourism’, ‘senior citizens’, ‘motivation’, 
‘gamification’ and ‘assistance’ were taking into deliberation, since this app intended to motivate 
senior citizens to cyclo-tourism by the use of gamification, including some features that other 
apps seem to lack. 
It appeared to be impossible to find only one word that could describe the app and, also, to 
be persuasive. From all the names that the researcher could came up, they were too obvious, 
uninteresting or were already registered (e.g. ‘bike tour’, ‘tour cycle’, ‘to cycle’, ‘cyclo-tour’, 
‘tour ride’ and ‘to ride’).  
After some attempts, it was decided that the app should have a symbolic name, leading to 
the choice of a god’s name. Searching for travel gods and what they are known for, the name 
‘Jizo’ was the most suitable, not only for being easy to pronounce, but also for being short and 
meaningful. Jizo is a Japanese and Buddhist divinity that vowed to protect travellers in their 
physical and spiritual journey. This name was not registered in INPI21. 
Alongside the name, it was important to have an attractive logo. Ideas were generated with 
the aid of Looka22, which is a platform that helps to create logos and build brands, as shown in 
Figure 27. 
 
21 Instituto Nacional da Propriedade Industrial 
https://servicosonline.inpi.pt/pesquisas/main/marcas.jsp?lang=EN (Accessed: May 2019) 
22 Looka https://looka.com/ (Accessed: May 2019) 
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Figure 27 - Logos 
 
The logo was designed in Adobe Illustrator and the typographic representation of the word 
Jizo used a gradient of the orange colour. In addition, such elements as a cyclist with a youngster 
on a digital device landed on the planet Earth represents the cyclo-tourism in an 
intergenerational context. 
In the end, the logo choice was based on the overall design of the app and included some 
visual elements that represent intergenerational interactions and context, in order to 
communicate its suitability for different age groups (Figure 28).  
 
Figure 28 – Logo – Splash screen 
 
B. Typography 
The predominant font used in the prototype was Gibson (Figure 29), which is sans-serif, 
simple and easy to read because of the simpler lines. Open Sans (Figure 30), also a sans-serif 
font, was used to some titles in order to establish a hierarchy between elements. A sans-serif 
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font and a minimum text size between 12 and 14 point tend to be appropriate to display 
information on a computer interface used by people with low vision, such as senior citizens 
(Bernard et al., 2001; Fisk et al., 2009). Hence, the font size used in the prototype varies between 
12 and 18 point, except for some highlights, since the fonts used have different sizes than the 
standard ones (e.g. Arial and Helvetica) and the display used is smaller than a computer 
interface. 
 
Figure 29 - Gibson font 
 
 
 
Figure 30 - Open Sans font 
 
C. Colour 
Following motivational and psychological theories, orange was the colour chosen for this 
prototype. According to Humphrey (2006), colours can directly affect the parts of the nervous 
system responsible for emotional arousal, and, therefore, it should be an important issue to 
psychologists and designers.  
The colour orange is linked to an optimistic, uplifting and rejuvenating matter, often 
associated with keeping people motivated to look at the brighter side of life, being the colour of 
encouragement and vitality. According to Scott-Kemmis (2009), when using orange in business, 
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it suggests adventure, journeys, energy, flamboyance and fun, stimulating social communication 
and self-confidence, consequently, being appropriated to use in travel and sports business, as 
this prototype. 
The colours used in the prototype are neutral and sober, conveying harmony, because of 
the target audience. Table 9 shows the colours used, the Hex code and RGB decimal. 
Table 9 - Colours used in the prototype 
Colour Hex Code RGB Decimal 
 
 
 
#E96556 233, 101, 86 
 
 
 
#78849E 120, 132, 158 
 
 
 
#F5F8F8 245, 248, 248 
 
 
 
#1B141D 27, 20, 29 
 
D. Iconography  
The icons used in the prototype seek to draw the user’s attention to the main functionalities 
of the gamified app. Most of the icons were subtitled in order to enable a rapid association of 
the icons with the app functionalities (Figure 31 and 32).  
 
 
Figure 31 - Menu icons 
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Figure 32 - Dropdown menu icons 
 
 
5.4. Design Process 
Based on the literature review on game design, the problems found in cycling apps, the co-
design sessions and the input from cyclists, a prototype of a cyclo-tourism app was proposed.  
5.4.1. Sketching the gamified app 
Sketching seemed to be the best way to shorten the development process while maintaining 
some quality standards. In early phases of the design process, problem finding, analysis and 
conceptual design were some of the activities that were undertaken.  Subsequently, the chances 
of amending errors were the highest and the use of low-expenditure sketches and material 
models during design were crucial (Römer et al., 2001). 
Since self-made sketches can support the limited Human memory capacity and mental 
processing for a complete problem analysis by developing useful ideas and concepts (Rubin & 
Rowe, 1990), the feedback given when sketching should be as valuable as the reduction of 
complexity, which is a prerequisite to defining solutions (Schütze et al., 2003).  
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These sketches were based on the literature review, the inputs from the interviews and 
focus groups and what the researcher thought a cyclo-tourism app should be. In specific, the 
participants’ feedback on the app Strava (Session 2), co-design (Session 3) and the identified 
features that an app should have to motivate the end-users to cycle (Interviews). 
Relative to Session 2, the bicycle ride with the Strava app unraveled the following problems: 
(a) It did not record all the participants’ routes; (b) It did not stop recording when the route was 
completed; (c) Although everyone cycled the same route, it did not record the same distance; 
(d) The Strava app was configured in miles and not in kilometres; (e) When discarding the 
recorded activity, that in some cases did not stop at the end of the bicycle ride, the shared group 
activity was not associated to each member in Strava; and (f) When inviting other participants 
to register the route as the same cycling activity of other group members, the application 
doubled the activity. 
In regards to Session 3, the participants found the information about the routes, weather 
conditions and rental shops to be useful prior to the bicycle ride; whereas during their ride, the 
majority of participants printed out that they wanted to check their progress (i.e. distance, 
speed, calories, duration, bpm) and directions of the route they were taking; after the ride 
participants acknowledged incentives and feedback to be engaging elements to be shared on 
other social media, unlocking new features and interacting with other users/friends. 
The game features that were identified by the cyclist interviewees and considered in the 
prototype were: (a) Challenges; (b) Attractions and Facilities; (c) Equipment and Safety; (d) Route 
Maps; (e) Performance/Statistics; and (f) Weather forecast. By taking the whole elements into 
account, the app mockups represented the following functionalities: (a) Save cycling activity; (b) 
Invite social contacts to the cycling activity; (c) Provide information about pre-determined 
routes; (d) Provide information about weather conditions and rental shops; (e) Monitor progress 
(i.e. distance, speed, calories) and reward with incentives and feedback; and (g) Provide 
information about bike maintenance and safety concerns. 
The sketches drawn were the bases to a first version in Adobe XD, which was very simple, 
without significant colour, only to demonstrate the app screens and interactions, as shown in 
Figure 33. 
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Figure 33 – Examples of the Adobe XD screens first version 
 
This simplicity resembles to the quote “Good design does not needlessly draw attention to 
itself. It just works. This is the role of good design.” (Sears & Jacko, 2008, page 331). 
 
5.5. Implementation and Evaluation 
After the design process and app sketching, a prototype was developed by the researcher 
based on the literature review and participants’ inputs from focus groups and cyclists’ 
interviewees. 
A cognitive walk-through protocol was undertaken, in which the researcher instrumented a 
set of tasks to the participants while trying the app. The evaluation process was undertaken 
involving the following: (i) Focus Group session 4, (ii) Eye-tracking session and (iii) Cyclists’ 
evaluation. 
The prototype contains a sequential navigation scheme (i.e. onboarding and a tutorial) at 
the beginning of the app to help the user to understand what the app offers and what they will 
find when clicking the icons (Figures 34, 35 and 36). 
 
5. EMPIRICAL RESEARCH 
GAMIFICATION AND SENIOR CYCLO-TOURISM: DESIGNING AN APP FOR THE MIONE COMMUNITY 
 
 
88 
University of Aveiro | Master in Multimedia Communication | Cláudia Ortet 
       
Figure 34 - Registration navigation scheme 
       
Figure 35 - Onboarding navigation scheme 
          
Figure 36 - Tutorial navigation scheme 
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As mentioned in the literature review (2.5. Designing for Senior Citizens), when designing to 
senior citizens it is important to include build-in game tutorials in a simple and intuitive interface, 
in order to be easier for them to identify and execute the activities.  
Then, the participants reach the main screen and are asked to follow a friend (Figure 37), 
since the social interaction is a social prerequisite to induce intrinsic and extrinsic motivation 
(see 2.4.1. Types of Motivation). 
       
Figure 37 - Follow a friend navigation scheme 
 
The participants were then asked to record a cycling activity, seeing the routes that the app 
suggests, with the option of ‘free riding’ and invite a friend to join the ride (Figure 38). 
          
Figure 38 - See the routes and invite friend’s navigation scheme 
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Participants referred the importance of having route maps recommendations and guidance 
before and during their ride, as well as having the chance of inviting friends to join their ride. 
Following SDT (2.4.2 Gamification and Motivation Theories), the social environmental need of 
relatedness is fulfilled, and users may feel autonomous in their decisions by doing a ‘free activity’ 
(i.e. SDT social environmental need of autonomy). 
After recording the activity, they wrote a name for the ride, added photos and saved it in 
order to post it, as shown in Figure 39. 
       
Figure 39 - Save activity navigation scheme 
 
Then the participants were asked to explore the other menu icons (Histórico - Historic, 
Explorar - Explore and Perfil - Profile), as shown in Figure 40. 
 
       
Figure 40 - Historic, Explore and Profile navigation scheme 
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In the end, the participants explored the notifications section (Novidades) and the 
hamburger dropdown menu (Figure 33) and all the information this feature provides (Ciclista – 
Cyclist, Bicicleta – Bicycle, Desafios – Challenges, Notícias – News and Definições – Definitions), 
as shown in Figure 41. Then, they logged out the application. 
 
          
        
Figure 41 – Notifications, Cyclist, Bicycle, Challenges, News and Definitions navigation scheme from 
top left to right 
 
Even though all the Jizo features are in accordance with the aforementioned gamification 
and motivation theories, the challenges and rewards are the most susceptible features to 
motivate the end-users to cyclo-tourism (see 2.4.2 Gamification and Motivation Theories). As 
the ARCS model (2.4.2.1 ARCS Model) puts it, the relevance of reaching a goal is determined by 
the users’ attention, confidence and satisfaction.  
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It can change users’ behaviour when people are motivated to do a challenge, and the 
demand from their abilities (e.g. physical effort) to perform certain activities (see 2.4.2.2. 
Behavioural Model). This occurs while receiving notifications and reminders of their progress 
and/or accomplishment. 
These features are also in accordance to the eight core drives of the Octalysis (2.4.2.3 
Octalysis Framework). By being able to do a challenge, the users may have the feeling that they 
are lucky to do it (i.e. epic meaning and calling), allowing them to develop skills while completing 
the challenge (i.e. developing and accomplishment). Challenges’ surpass may require users’ 
creativity (i.e. empowerment of creativity and feedback) in order to earn, and accumulate 
rewards (e.g. virtual goods) (i.e. ownership and possession). Some challenges may not only have 
competition and leaderboards, but may also be doable in groups to stimulate users’ interaction 
(i.e. social influence and relatedness). Most of the challenges are periodical, limited and 
impossible to overcome in one day, which can induce users’ scarcity and impatience, since they 
may want to complete the task all at once in order to cease their curiosity relative to the reward 
(i.e. unpredictably and curiosity) or phased, having the risk of losing progress (i.e. loss and 
avoidance). 
 
5.5.1. Focus Group – Session 4 
Session 4 was held on May 28th, 2019 at the University of Third Age of Gafanha da Nazaré at 
3.30 pm. The session was aided with visual presentation and prototype testing on smartphones. 
When the participants opened the app prototype in their smartphones, the app name and 
its meaning were clarified. To ease the navigation and show all the app features, a script was 
used so that the participants would access and perform the same activities throughout the 
session. 
In the end of prototype testing, the participants filled a SWOT analysis to describe the app 
strengths, weaknesses, opportunities and threats. 
5.5.2. Eye-tracking session 
An eye-tracking session was held on May 29th, 2019 at the University of Aveiro at 2.30 pm., 
with participants of the University of Third Age of Esmoriz. The session involved a visual 
presentation, a smartphone and desktop with the prototype and eye-tracker equipment. Since 
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these participants did not know the researcher, a presentation introducing the researcher and 
the project was made before prototype testing. 
The purpose for using the eye-tracking was to have an outside perspective on senior citizens’ 
difficulties while using a digital device, considering that these participants where not cyclists and 
not involved in the co-design process. 
Although the eye-tracker was tested and prepared beforehand in a smartphone display, 
there was not anticipated that the equipment would fail with the target audience due to age-
related macular degeneration and aging eyes. When starting the test, the eye-tracker 
equipment did not recognize some of the participants’ gaze, being impossible to calibrate and 
leading to the use of the desktop to test the app in alternative devices to a smartphone. 
According to Pak and McLaughlin (2010), the aging of the musculature of the eyeball affects 
the pupil and that has difficulty in resizing and assuming its maximum size, which means less 
light entering and a consequent loss of the ability to distinguish details in low light conditions. 
In addition to this difficulty, as the eyepiece ages, it becomes yellowish. In the aging process, the 
ability to focus on details and the perception of different contrasts is lost, making reading 
difficult due to the aging of the ocular muscles. Another common age-related lens condition is 
cataracts, which are the gradual clouding of the lens, resulting in a hazy vision that is highly 
susceptible to glare. Figure 42 shows the Human anatomy of the eye.  
Figure 42 - Eye anatomy, retrieved from Pak, R., & McLaughlin, A. (2010). Designing displays for older 
adults. 
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Even though the difficulties encountered with the eye-tracker recognition of the same 
participants’ eyes and calibration were due to the eye aging process of the senior citizens, it was 
possible to test the prototype in a desktop display (figure 43). 
After the test, all the participants were surveyed about their education school, and digital 
literacy, cycling habits and, in the end, they commented on the digital app and SWOT analysis. 
 
Figure 43 - Eye-tracking session in the desktop 
 
5.5.3. Prototype Testing with Cyclists 
After the interviews with the cyclists, they were invited to test the app. By providing the link 
to the app prototype, the task with the navigation flow scheme script and an evaluation 
document, the participants were able to test it and evaluate it in terms of its strengths, 
weaknesses, opportunities and threats. 
 
5.6. Data Coding and Analysis 
Data coding and analysis were based on the Grounded Theory (GT) that shares the 
characteristics of other qualitative methodologies, such as case studies, ethnography, historical 
narratives. The primary objective of GT is to build a theory through a systematic and rigorous 
data collection and analysis (Taylor et al., 2016), done through an inductive process that relies 
on a constant comparison between the researcher's conceptualizations from the data and the 
return to the data, until this process becomes saturated. 
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As proposed by Corbin and Strauss (1999), the qualitative analysis followed five phases: 
i. 1st phase: Determine the corpus of analysis (i.e. text or media the researcher will 
analyse, interviews, field notes, all content or a selection). The technique used is re-
reading the content from different data sources; 
ii. 2nd phase: The units of analysis and codification (i.e. how the researcher will 
integrate the various units with meaning into categories (first descriptive and then 
conceptual)). The descriptive categories are used to characterize the data. This is a 
very time-consuming and demanding process; 
iii. 3rd phase: The relationships between categories and subcategories and their 
elements are attributed with a certain context; 
iv. 4th phase: Diagrams are designed to represent the relationship between different 
categories and formulate a theory or paradigmatic model; 
v. 5th phase: Write the research report. 
 
After data collection, the participants’ perspectives gathered from the focus group, eye-
tracking observation and interviews were divided into words, phrases or sentences using open 
coding. Then, their compilation in different categories was followed according to its context and 
number of occurrences. Data collection and analysis was performed using the NVivo 12 Plus23 
software. 
 
• Focus Group 
Table 10 illustrates the questioning process and NVivo tools for Focus Group data. These 
questions are based on the questions asked in the Focus Group sessions, although they are 
adapted to the data collection. 
 
 
23 https://www.qsrinternational.com/nvivo/trial (Accessed: June 2019) 
5. EMPIRICAL RESEARCH 
GAMIFICATION AND SENIOR CYCLO-TOURISM: DESIGNING AN APP FOR THE MIONE COMMUNITY 
 
 
96 
University of Aveiro | Master in Multimedia Communication | Cláudia Ortet 
Table 10 - The questioning process and NVivo tools for Focus Group 
Questions NVivo Tool Search Restriction 
Is there any relationship between the 
cycling motivations and the participants’ 
gender? 
Crosstab Category: Cycling Motivation 
 
Attribute: Gender 
Is there any relationship between the 
cycling motivations and the participants’ 
age group? 
Crosstab Category: Cycling Motivation 
 
Attribute: Age Group 
Is there any relationship between the 
cycling motivations and the participants’ 
cycling frequency? 
Crosstab Category: Cycling Motivation 
 
Attribute: Cycling Frequency 
Is there any relationship between the 
cycling barriers and the participants’ 
gender? 
Crosstab Category: Cycling Barriers 
 
Attribute: Gender 
Is there any relationship between the 
cycling barriers and the participants’ 
age group? 
Crosstab Category: Cycling Barriers 
 
Attribute: Age Group 
Is there any relationship between the 
cycling barriers and the participants’ 
cycling frequency? 
Crosstab Category: Cycling Barriers 
 
Attribute: Cycling Frequency 
What are the most cited gamified app 
features to be used before a cyclo-
tourism experience? 
Word 
Frequency 
Category: Gamified App 
Features 
What are the most cited gamified app 
features to be used during a cyclo-
tourism experience? 
Word 
Frequency 
Category: Gamified App 
Features 
What are the most cited gamified app 
features to be used after a cyclo-tourism 
experience? 
Word 
Frequency 
Category: Gamified App 
Features 
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• Cyclists’ Interviews 
Table 11 illustrates the questioning process and NVivo tools for Cyclists’ interviews data. 
Table 11 - The questioning process and NVivo tools for Cyclists' interviews 
Questions NVivo Tool Search Restriction 
What are the most cited motivations 
for cycling? 
Word 
Frequency 
Category: Cycling 
Motivations 
Is there any relationship between the 
cycling motivations and the 
interviewees’ gender? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Gender 
Is there any relationship between the 
cycling motivations and the 
interviewees’ age group? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Age Group 
Is there any relationship between the 
cycling motivations and the 
interviewees’ social context? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Social Context 
Is there any relationship between the 
cycling motivations and the 
interviewees’ cycling frequency? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Cycling Frequency 
Is there any relationship between the 
gamified app feature and the 
interviewees’ social context? 
Crosstab 
Category: Gamified App 
Features 
 
Attribute: Social Context 
Is there any relationship between the 
gamified app feature and the 
interviewees’ age group? 
Crosstab 
Category: Gamified App 
Features 
 
Attribute: Age Group 
Which are the gamified app features 
that are most cited from interviewees 
who cycle on holidays? 
Matrix Coding 
Category: Gamified App 
Features 
 
Attribute: Cycle on Holidays 
(Yes/No) 
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• Eye-tracking Group 
Table 12 illustrates the questioning process and NVivo tools for Eye-tracking data. 
Table 12 - The questioning process and NVivo tools for Eye-tracking group 
Questions NVivo Tool Search Restriction 
Is there any relationship between the 
cycling motivations and the 
participants’ gender? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Gender 
 
Is there any relationship between the 
cycling motivations and the 
participants’ age group? 
Crosstab 
Category: Cycling Motivation 
 
Attribute: Age Group 
 
 
To ensure the code reliability, coding in NVivo was reviewed by a researcher of the SEDUCE 
2.0 project, so that the results could be more accurate. 
 
5.7. Ethical Procedures 
This study is part of the SEDUCE 2.0 research project and it safeguards: (a) The informed 
consent of the participants aged 55 and over; (b) voluntary participation; (c) involvement of the 
research team in the process; and (d) that the risks of participating in the study do not outweigh 
the risks associated with the participants' daily lives. 
In order to assure voluntary participation, participants were given an informed consent 
form, which informed the participants about the circumstances under which the study was 
carried out, the purpose of the research, potential risks, and benefits, the right to withdraw at 
any time and to refuse to answer any question. Researchers assured that all participants 
understand the terms of any agreement before taking part in the research project.  
The risks of participating in the study do not outweigh the risks associated with the 
participants' daily lives and the fieldwork procedures are both closely followed and supervised 
by the research team. 
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Researchers assured the confidentiality and the privacy of the data as well as ensured that 
the private information was not released outside. When reporting the results, only the relevant 
information to the purpose of the study was written. Furthermore, all participants were 
randomly identified with a P and a number. 
Specific procedures were undertaken for the experimental research design and interviews: 
Experimental research design 
Relative to the experimental research design, there were a set of ethical issues that were 
anticipated in this study in order to protect the participants and assure the integrity of the 
research: 
i. Obtain the participants’ consent to take part in the research project; 
ii. Protect the participants’ identity and treat them with respect; 
iii. Explain the purpose, procedures and the duration of the group discussion and 
interviews; 
iv. Assure the quality of the content lectured in the learning programs; 
v. Ask for permission to use the NVivo software to data coding and analysis. 
Interviews 
Regarding the interview, the interviewees were given a consent form that informed about 
the way the information would be used and their rights. By signing that form, the participant 
agreed with the following: 
i. The interview would be recorded, and a transcript produced;  
ii. Direct quotations or summary interview content would be anonymized;  
iii. The recording would be destroyed after 5 years;  
iv. The participants would voluntarily take part in the project and had the right to stop 
or withdraw at any time;  
v. The right to ask any questions the participants could have. 
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6. Data Analysis, Evaluation and Discussion of Results 
During prototype design and development, the adopted method “Development Research” 
enabled the exposition of successive results and owing to the organization of research in several 
phases, it is also important to organize and highlight the results obtained in each phase, and 
then systematize the results to draw the conclusions. 
Furthermore, crossing data obtained from the results of each method used (i.e. focus group 
sessions, eye-tracking session and cyclists’ interviews) had the purpose of answering the 
research question – “How can gamification motivate senior citizens to cyclo-tourism?” –  and 
consequent sub-questions: (i) “What are the gamification elements and techniques that can be 
applied to a cyclo-tourism app?”; (ii) What are the main difficulties that senior citizens have when 
interacting with the games’ interfaces?”; and (iii) “What are the current market-oriented digital 
apps that address cyclo-tourism?” 
After gathering the participants’ data from the focus group sessions and cyclists’ interviews, 
it was possible to design the prototype – a gamified cyclo-tourism app entitled Jizo – and then 
let the same participants and other adult learners from another University of Third Age test and 
evaluate it. This chapter presents the results of this qualitative research from different sources: 
focus group, eye-tracking and interviews from a group of cyclists. 
 
6.1. Participants’ Data  
Focus Group 
Focus Group sessions 1, 2 and 3 had the purpose of co-designing and developing the 
prototype Jizo and assessing the senior citizens’ preferences relative to the use of a gamified 
app. 
In session 1, senior citizens’ motives and barriers to ride a bicycle, objects to take for a 
bicycle ride, the procedures to take on cycling plan and information share were acknowledged. 
The researcher was also able to gather the participants’ opinions on tourism and cyclo-tourism. 
By searching for frequent words in the reasons for cycling and possible barriers to this 
activity, the following categories emerged from the participants’ statements relative to cycling 
motives: (i) health; (ii) environment; (iii) economic; (iv) transport; (v) physical exercise; and (vi) 
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pleasure; in terms of barriers, these were: (i) sedentarism; (ii) weather; (iii) pavement; (iv) traffic; 
and (v) other preferences for alternative activities. Tables 13 and 14 show this process by 
compiling some of the participants’ statements for each category. 
Table 13 – Example of coded statements relative to motives for cycling 
Categories Examples 
Health 
“It has the ability to help both mental health 
and muscle health.” 
Transportation 
“The bicycle is easy to get out of the 
garage.” 
Environmental Reasons “I don’t pollute when I am cycling.” 
 
Table 14 – Example of coded statements relative to barriers to cycling 
Categories Examples 
Sedentarism “I’m lazy.” 
Other Preferences “I’d rather go for a walk.” 
Weather / Pavement 
“Sometimes you do not cycle because of the 
weather or road conditions.” 
Traffic “I am afraid to ride in the traffic.” 
 
In general, the participants acknowledge that they used the bicycle to improve their mental 
and physical health and avoid traffic jams (i.e. environmental and economic reasons). While 
sedentarism lifestyle negatively affects the participant’s motivation to cycling, weather and 
pavement conditions were also referred.  
When questioning the data collected from participants (Table 10), the strongest reasons 
that was highlighted by the participants for cycling was ‘Health’. In response to the question 
whether there was any relationship between the participants’ motivations for cycling and 
gender, ‘Landscape Attractions’ was the mostly cited code by male participants (n=3 refs) in 
comparison to female participants (n=0 refs). In the opposite, when observing the relationship 
between participants’ barriers to cycling and their gender, data are not robust enough to make 
comparisons, even though the most cited barrier for both male and females were the ‘Weather’ 
(n= 4refs).  
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Regarding the relationship between the participants’ motivations for cycling and age 
group, the older age group (+70 years old) pointed out that the ‘Mobility’ aspect as a motivation, 
and all age groups highlighted ‘Health’ being one of the strongest reasons for cycling (n=5 refs). 
As for the relationship between the participants’ barriers to cycling and age group, the older 
age group referred ‘Sedentarism’ as the main barrier (n=2 refs), being the only group citing that 
as an impediment to cycling; and, once again, ‘Weather’ is the main barrier to all age groups (n= 
4 refs).  
By analysing the relationship between the participants’ motivations to cycling and their 
cycling frequency, the participants who rides more than 1 hour considered ‘Health’ as their main 
motivation, as well as ‘Cost and Benefits’ of riding a bicycle. Regarding the relationship between 
the participants’ barriers to cycling and their cycling frequency, the ‘Weather’ was once again 
mentioned (n=4 refs). 
When participants were asked about their plan of the bicycle ride, three participants prefer 
to ride in the morning, while others prefer in the afternoon. The ideal duration varied from 30 
minutes to 3 hours with pauses, due to the willingness to cycle, surrounding landscape; destiny 
and purpose (e.g. see the sea at the end of the day as the sun sets) and/or if it is a ride for 
physical maintenance. All participants share photos regarding the bicycle ride and two of them 
would share curiosities about what they saw (e.g. wildlife, flora, animals, etc.) and they usually 
bring water, food, helmet, tools, sunglasses and their mobile phone. The most suitable means 
used for sharing this piece of information would be by message and email or by exposure (i.e. 
print photos and frame photos, share on social media), and they would do it with family, friends 
and cyclists. Once again, the social awareness in order to perform a physical or a touristic activity 
is relevant (see 1.3.1. Leisure Activities for Active Aging). 
Participants also stated that they used to adhere more to cyclo-tourism because they did 
not have a car and riding a bicycle was cheaper and more accessible than driving a car. Nowadays 
cycling is an expensive and elitist sport with certain investments on the equipment. When 
traveling, participants need such alternative modes of transport, whether they do not own a 
bike, being likely to need rent facilities on the local of the vacation. Therefore, as mentioned 
before (3.1.1 Senior Tourism), marketing tourism operators should consider senior citizens’ 
consumption of tourism digital products, and likely Jizo, further information about rental shops 
in the cyclo-tourism destination should be provided. 
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In sessions 2 and 3, participants shared how a gamified app should be designed to motivate 
cyclo-tourism and the gamification elements to be included. During the co-design sessions, 
participants were taught about gamification and examples were showed to help them to 
understand and identify the features they liked and disliked the most in Strava and to build a 
digital app adapted to senior cyclo-tourism.  
In general, the participants emphasised that the features that they wanted to have with such 
gamified app of cyclo-tourism were: access to information about the routes (i.e. the route and 
directions); weather conditions; access to bicycle mechanics and rental shops; monitor their 
statistics and improvements (i.e. distance, speed, calories, duration, bpm, elevation, climb); 
have incentives and competition (e.g. challenges, rankings and badges); feedback; share 
information in the app and social media; and foster interaction (i.e. contact other users before, 
during and after the ride). The following is a brief overview of one exemplar quote from a 
participant in the co-design session: 
“There should be a way of contacting through the app other user to meet me halfway.” - 
Focus Group Participant 05 
When analysing the most cited gamified app features to be used before a cyclo-tourism 
experience, word frequency has revealed that these were: the route experience and 
recommendations illustrated by video and images; weather forecast; rental places and 
equipment information (Figure 44).  
 
     
Figure 44 – Example of image of the participants’ boards – Before cyclo-tourism experience 
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Regarding the most cited gamified app features to be used during a cyclo-tourism 
experience, these were: a video of the route with directions (i.e. map with directions following 
the cyclist path; monitoring performance by showing bpm, calories, and skills; and points or 
rewards) (Figure 45).  
   
Figure 45 – Example of image of the participants’ boards – During cyclo-tourism experience 
 
Finally, as Figure 46 illustrates, the most cited gamified app features to be used after a 
cyclo-tourism experience by the participants were feedback, unlock resources, motivational 
quotes, badges, and leaderboards/rankings. 
 
Figure 46 – Word Frequency of Gamified App Features After a Ride – Focus Group Participants 
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In a nutshell, the results of the focus group helped to identify the participants’ reasons and 
barriers for cycling and the most relevant features for a digital app in -pre, in loco and post- 
cyclo-tourism experience. The gamified app Jizo took those elements in consideration combining 
them with the cyclists’ interviews inputs and an eye-tracking experiment with a comparable 
group from another University of Third Age was conducted in order to identify the main 
difficulties when interacting with the digitally mediated app.  
 
Cyclists’ Interviews 
Based on the question what are the most cited motivations for cycling? (Table 11), the 
Nvivo tool word frequency (Figure 47) was performed in order to understand the interviewee’s 
motivations for cycling, which were most cited. These were fitness, freedom, friends, health 
(mental and physical), enjoyment, people and scenery. 
 
Figure 47 – Word Frequency of Motivations for Cycling – Interviewees 
 
While observing if there was any relationship between cycling motivations and 
interviewees’ gender, there were some considerable differences (Table 15). Even though 
‘Psychological Reasons’ (e.g. mindfulness and escape) were the most cited motivations by both 
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genders (n=18 refs); the codes ‘Health’ (e.g. stop smoking) (n=7 refs), ‘Physical Exercise’ (e.g. 
lose weight) (n=10 refs), ‘Social Reasons’ (e.g. ladies’ meetings; charity) (n=6 refs) and ‘Tourism’ 
(n=5 refs) were mostly found in females’ statements; whereas ‘Sport Passion’ was highlighted 
by male participants (n= 5 refs). 
Table 15 – Cycling Motivations X Gender – Interviewees 
Cycling Motivations Gender = Female (n=17) Gender = Male (n=14) 
Health 7 ref 3 ref 
Physical Exercise 10 ref 5 ref 
Psychological Reasons 9 ref 9 ref 
Social Reasons 6 ref 4 ref 
Sport Passion 1 ref 5 ref 
Tourism 5 ref 1 ref 
 
In terms of the relationship between cycling motivations and the interviewees’ age group, 
(Table 16) different age groups (i.e. 50-61 and 62-73) considered ‘Health’ (n=10 refs), ‘Physical 
Exercise’ (n=15 refs), ‘Psychological’ (n=18 refs) and ‘Social Reasons’ (n=10 refs) as motivations 
to ride a bicycle. Whereas ‘Physical Exercise’ is a greater motivation for the younger age group 
(n=10 refs), and ‘Psychological Reasons’ have more impact on the older age group (n=11 refs).  
Table 16 – Cycling Motivations X Age Group – Interviewees 
Cycling Motivations Age Group = 50-61 (n=14) Age Group = 62-73 (n=17) 
Health 6 ref 4 ref 
Physical Exercise 10 ref 5 ref 
Psychological Reasons 7 ref 11 ref 
Social Reasons 5 ref 5 ref 
 
The relationship between cycling motivations and the interviewees social context was 
assessed using Nvivo tool crosstab and there were observed substantial differences between 
cyclists who ride alone and who ride in group or pairs, as shown in Table 17. Even though 
‘Physical Exercise’ (n= 13 refs) and ‘Psychological Reasons’ (n=13 refs) are mostly cited by cyclists 
who ride in pair or groups, due to their number (i.e. n=24), cyclists who ride alone (n= 7) also 
considered those as their principal motivations. Meanwhile, ‘Social Reasons’ are motivations 
mostly cited by people who enjoy riding with other people (n=10 refs). It is important, however, 
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to mention that although some cyclists ride in pair or in groups, sometimes they can also ride 
alone. 
Table 17 – Cycling Motivations X Social Context – Interviewees 
Cycling Motivations 
Social Context = 
Alone (n=7) 
Social Context = Pair/Group 
(n=24) 
Physical Exercise 2 ref 13 ref 
Psychological Reasons 4 ref 14 ref 
Social Reasons 0 ref 10 ref 
 
In regards to the relationship between cycling motivations and interviewees’ cycling 
frequency, as shown in Table 18, the motivation indicated by the interviewees who ride once a 
week or more than 3 times per week is ‘Psychological’ (n=14 refs), as for the other groups, 
whereas cyclists who ride between 2 and 3 times per week mentioned ‘Physical Exercise’ (n=9 
refs) as a strong motivation for cycling.  
Table 18 – Cycling Motivations X Cycling Frequency – Interviewees 
Cycling 
Motivations 
Cycling Frequency 
= 1 time or less per 
week (n=1) 
Cycling Frequency = 
between 2 – 3 times 
per week (n=7) 
Cycling Frequency 
= more than 3 times 
per week (n=15) 
Health 0 ref 4 ref 3 ref 
Physical Exercise 0 ref 4 ref 5 ref 
Psychological 
Reasons 
1 ref 2 ref 13 ref 
 
Regarding the relationship between gamified app features and interviewees’ cycling social 
context, as shown in Table 19, ‘Performance’ / ’Statistics’ (n=23 refs) and ‘Challenges’ (n=5 refs) 
are referred as motivations from the participants who ride with other people in comparison to 
cyclists who ride solo. ‘Routes Maps’ (n=30 refs) and ‘Weather Forecasting’ (n=16 refs) were the 
most cited features to include in a gamified app. 
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Table 19 – Gamified App Features X Social Context – Interviewees 
Gamified App 
Features 
Social Context = Alone 
(n=7) 
Social Context = Pair/Group 
(n=24) 
Challenges 0 ref 5 ref 
Attractions and 
Facilities 
2 ref 8 ref 
Equipment and Safety 
Concerns 
1 ref 9 ref 
Food and Hydration 1 ref 8 ref 
Pavement Conditions 3 ref  6 ref 
Routes Maps 9 ref 21 ref 
Weather Forecasting 4 ref 12 ref 
Performance/Statistics 4 ref 23 ref 
 
Differences were also observed between gamified app features and interviewees’ age 
group, as shown in Table 20. The groups aged between 50 and 61 years old highlighted the 
importance of the ‘Challenges’ and ‘Competition’ features (n=7 refs) in a digitally mediated app; 
whereas ‘Routes Maps’ (n=19 refs) tend to attract the group aged between 62 and 73 years old. 
This fact may be owing to the willingness of younger target groups to compete and challenge or 
be challenged, and the preference of older groups for familiar routes with some guidance.  
Table 20 – Gamified App Features X Age Group – Interviewees 
Gamified App Features Age Group = 50-61 (n=14) Age Group = 62-73 (n=17) 
Challenges / Competition 7 ref 4 ref 
Attractions and Facilities 5 ref 5 ref 
Equipment and Safety 
Concerns / Pavement 
Conditions 
12 ref 12 ref 
Routes Maps 11 ref 19 ref 
Weather Forecasting 9 ref 7 ref 
Performance / Statistics 14 ref 13 ref 
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Related to the gamified app features that are most cited from interviewees who cycle on 
holidays, as shown in Table 21, these were: ‘Routes Maps’ (n=33 refs); followed by ‘Equipment 
and Safety Concerns’ / ‘Pavement Conditions’ (n=24 refs); ‘Performance’ / ‘Statistics’ (n=24 refs); 
‘Attractions and Facilities’ (i.e. touristic sights and accommodations) (n=17 refs); and ‘Weather 
Forecasting’ (n=14 refs). 
Table 21 – Gamified App Features X Cycle on Holidays – Interviewees 
Gamified App Features Cycle on Holidays = Yes 
Weather Forecasting 14 ref 
Attractions and Facilities 17 ref 
Equipment and Safety Concerns / Pavement Conditions 24 ref 
Routes Maps 33 ref 
Performance / Statistics 24 ref 
 
In a nutshell, the results of the cyclists’ interviews helped to identify the participants’ 
reasons for cycling and the most relevant features for a digital app in a cyclo-tourism experience.  
 
Eye-tracking  
An eye-tracking experiment was performed to record eye movement and identify the 
interaction difficulties with the gamified digital app Jizo (Table 12). The relationship between 
cycling motivations and participants’ gender was assessed and the female’ participants added 
‘Pleasure of Cycling’ as an inner motivation (n=2 refs). Other motivations included: ‘Health’, 
‘Landscape Attractions’, ‘Mobility’ and ‘Psychological Reasons’. Regarding the relationship 
between cycling motivations and participants’ age group, as shown in Table 22, ‘Health’ and 
‘Mobility’ were the predominant motivations for the age groups between 61 to 70 years (n=3 
refs), whereas others age groups did not mention it. 
Table 22 – Extraction of the query Cycling Motivations X Age Group – Eye-Tracking Participants 
Cycling 
Motivations 
Age Group = 55-61 
(n=1) 
Age Group = 61-70 
(n=5) 
Age Group = +70 
(n=2) 
Health 0 ref 3 ref 0 ref 
Mobility 0 ref 3 ref 0 ref 
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In brief, the results of the eye-tracking participants helped to identify participants’ reasons 
for cycling. The gamified app Jizo was tested by this group in order to identify the main 
difficulties when interacting with the digitally mediated app.  
 
6.2. Prototype – Jizo 
In order to design the gamified digital app Jizo, the participants’ inputs and some guidelines 
suggested in the literature were taken into consideration. When surveyed about the 
gamification elements that were important for an app to have, the participants have proposed 
the following elements for including in the Jizo app, based on the DMC elements (2.2. Game 
Design Techniques and Elements):  
i. Social Relationships: The social relationships were covered by adding friends, invite 
them to a ride, comment and like their rides;  
ii. Progression: The end-user can monitor their rides when using the Jizo app; 
iii. Challenges: A set of goals are suggested for the end-user to achieve; 
iv. Competition: Rankings/Leaderboards encourage the end-users to be better than 
other users; 
v. Feedback: The app provides feedback by commenting the user’s rides and progress; 
vi. Rewards: The end-users are awarded with badges (virtual or real) for accomplishing 
an achievement; 
vii. Win States: Users’ victory or loss conditions are determined in each challenge. 
After designing the app in Adobe XD, screen connections were made so that the participants 
could test and use all the features available at the moment (see the Navigation section in 
Chapter 5). A script was delivered to all participants and whereas it was read by the researcher 
to the participants involved in the focus group and eye-tracking, it was sent to the cyclists’ 
interviewees. 
While the focus group participants tested the app without any problems, the eye-tracking 
session had some mishaps. As explained before, even though several eye-trackers can handle 
corrective eyewear (e.g. glasses, contacts lenses), there were some difficulties in calibrating the 
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eye-tracker. In general, younger participants’ gaze tend to be more detectable than senior 
citizens, due to age-related eye conditions.  
According to Bojko (2013), one of the recognized problems associated with older 
participants involves droopy eye lids, which cause the pupil to be partially covered by the eye 
lashes, resulting in data offsets or loss. Therefore, very few participants tested the app on the 
mobile stand for the eye tracker (Figure 48), but instead on the desktop, since the eye-tracker 
could track the participants’ eye gaze on that angle, since it was aligned with the device, as 
shown in Figure 49. 
 
Figure 48 – Participant eye-tracking on the smartphone 
 
Figure 49 – Participant eye-tracking on the desktop 
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To evaluate the participants’ eye-tracking performance, the fixation points (i.e. the period 
of time where the eye is kept aligned with the target for a certain duration) and saccades (i.e. 
type of eye movement used to move the fovea rapidly from one point of interest to another) 
were taken into consideration.  
According to Salvucci and Goldberg (2000), fixation can be divided into spatial criteria, 
including velocity, dispersion and area-based; and temporal criteria, including duration sensitive 
and locally adaptive. A fixation is composed of slower and minute movements (e.g. micro 
saccades, tremor and drift) that help the eye align with the target and avoid perceptual fading. 
For the analysis, the researcher analysed the videos from the eye-tracking session and was 
able to recognize the main difficulties found in the app. These were: Dealing with digital devices; 
Understand the task; Find the task’s correspondent icons to move to the next task; and 
Understand the icons’ meaning. 
While the participants who used the mobile stand had more difficulties due to dealing with 
a smaller display, the participants who used the desktop display had more saccades and 
difficulties in fixating the right icons. This act may be owing to the aging process of the eye. 
Figure 50 illustrates some moments of good fixation when performing a task, whereas Figure 51 
shows fixation and saccades when reading the content and, lastly, Figure 52 illustrates pure 
disorientation without fixation, only saccades.   
 
Figure 50 – Good Fixation Point in Smartphone and Desktop – Eye-Tracking 
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Figure 51 – Eye Fixation and Saccades in Smartphone and Desktop – Eye-Tracking 
 
 
Figure 52 – Saccade due to Disorientation in Desktop – Eye-Tracking 
 
In order to acknowledge Jizo potentialities, all the participants (i.e. Focus Group participants, 
Eye-Tracking participants and Interviewed Cyclists) identified the strengths, weaknesses, 
opportunities and threats of the digitally mediated app (SWOT analysis), as shown in Table 23. 
In this table, there is an overall description by all the participants. 
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Table 23 – SWOT Analysis – Jizo 
Strengths Weaknesses Opportunities Threats 
Invite a friend 
See local routes 
Information 
Layout and Design 
Tutorial 
Take photos 
Explore City 
Originality 
Accessibility 
Few Stats 
Icons identification 
Lettering size 
Use worldwide Other apps 
Be an official cyclo-
tourism’ events app 
Not be well promoted 
and divulgated 
Use for other activities 
 
Connect people from 
around the world 
To motivate to cyclo-
tourism 
 
 
To sum up, it is possible to identify numerous strengths relative to the Jizo app (i.e. 
introductory tutorial, the functionality to invite friends for a ride and tracking their location; see 
local and touristic routes; ability to explore the city POI; take photos without leaving the app; all 
cycling information were available; originality; accessibility; layout and design) and 
opportunities (i.e. ability to be used worldwide; to be used for other activities; to be an official 
cyclo-tourism app; to connect people from all over the world; and motivate cyclo-tourism), as 
well as corrections to be made to face the weaknesses (i.e. icons identification; lettering size; 
and few monitoring statistics available) and threats (i.e. other apps; and to not be well promoted 
and divulgated). Some participants share their opinion not only about Jizo, but also about their 
experience in the involvement of this project: 
“I enjoyed participating in this project, it was interesting, I felt like my opinion mattered 
and it was really useful.” - Focus Group Participant 03 
 
“I hope that this app goes to the market, I bet it can beat other cycling apps because is so much 
more complete.” - Cyclist 19 
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Therefore, Jizo is a gamified digital app designed by and for senior citizens to adhere to cyclo-
tourism, being, most likely, pioneer in that mission. This app does not only have gamified 
functionalities that can induce inner user’s motivations to cycling, but also important aspects for 
tourism such as weather prediction, popular routes, nearby conveniences, points of interest and 
information relative to the sport culture. These features combined are what makes this app 
unique, in comparison with other apps (see 4. Related Work). 
 
6.3. Discussion 
The evaluation of the app prototyped by cyclists and senior citizens from different 
Universities of Third Age shown that the implemented prototype can motivate senior citizens to 
cyclo-tourism by (a) providing information about the pre-determined cycling routes, weather 
conditions, rental shops, bicycle maintenance and safety concerns; and (b) offering the 
possibility to invite friends for a bicycle ride, challenges, among other features. However, it 
presents usability aspects that need to be improved in order to meet the app requirements. 
Based on the results obtained from the focus group, eye-tracking and interviews, a second 
iteration would be needed to redesign some of the functionalities and return to the step 
Conception and Design of the Prototype. 
In accordance to the initial expected results formulated in the Analysis Model, this research 
found that senior citizens involved in cyclo-tourism tend to use the smartphone and access to 
cycling apps. The participants also stated that gamification elements are important and can 
motivate them to the activity. 
Findings suggest that the main gamification elements that motivates senior citizens towards 
cyclo-tourism are the competition and challenges, with constant feedback about their 
progression, in order to receive rewards and share with social contacts. 
It is important to acknowledge that senior citizens have some difficulties dealing with digital 
devices and technologies, as well as there is a tendency to not ride a bicycle more often due to 
several constrains (e.g. physical limitations, pavement conditions, traffic, weather). Therefore, 
findings have important implications for developing a gamified app targeted to senior citizens 
aged 55 and over and understand the intrinsic and extrinsic motivations associated to cyclo-
tourism. 
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Conclusion 
This section presents the main conclusions from the overall research. It addresses the 
research question regarding the selected features of a gamified app and explains how the 
features managed to motivate senior citizens to cyclo-tourism. A set of sub-questions identified 
in the Introduction are answered and the research conclusions regarding the initial expected 
outcomes and goals are revealed. Finally, the research contribution in the field, its limitations 
and future work are also presented. 
 
Addressing the Research Problem 
During the first step – Analysis and Evaluation of the Situation -, bibliographical references 
on the different scientific areas were analysed, which allowed to take note of the studies and 
investigations carried out up to the present date. The literature was reviewed and covered in 
the first four chapters of the dissertation. In these chapters, keyword concepts were the Senior 
Citizens and an overview of aging and its effects, as well as Active Aging. The concept of 
Gamification with its theories inherent to the concept of Motivation were also described. The 
theme of Cyclo-tourism was also approached with emphasis on senior tourism. 
In the first step, the first sub-question “What are the current market-oriented digital apps 
that address cyclo-tourism?” was answered by the literature, and it was possible to find that, 
even though several apps can be used for that purpose, Strava, Zwift and Cyclers are the most 
used. 
In the literature review, the use of gamification and how its elements and techniques could 
motivate senior citizens to cyclo-tourism were studied. However, this literature was insufficient 
to understand senior citizens’ preferences to play and which elements should be included in the 
prototype. Hence, adult learners at the University of Third Age needed to be involved in order 
to co-design a gamified cyclo-tourism app. So, the second step – Conception and Design of the 
Prototype – enabled the researcher to gather information from cyclists’ interviews and focus 
group participants to answer the second sub-question “What are the gamification elements 
and techniques that can be applied to a cyclo-tourism app?” In response to this sub-question, 
the co-designed gamification app Jizo embodied the following game elements: competition, 
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challenges, social interaction, rewarding, win states, feedback and progression. A set of 
guidelines to create a gamified app adapted to this target audience were also proposed. 
In the last step – Implementation and Evaluation – the participants were able to test the 
gamified app Jizo. Whereas the cyclists’ interviewees were familiar with cycling apps and the 
focus group participants helped in the conception and development process, the eye-tracking 
participants did not have previous contact with the prototype. This fact enabled the researcher 
to answer the third sub-question “What are the main difficulties that senior citizens have when 
interacting with the games’ interfaces?”, and the findings corroborate with the literature 
review, which the main difficulties were understanding the task, problems with lettering and 
icons size and the overall limited dexterity when dealing with digital devices. 
In response to the research question “How can gamification motivate senior citizens to 
cyclo-tourism”, the following gamification elements were highlighted: social relationships, 
progression, challenges, competition, feedback and rewards.  These can motivate senior citizens 
by adding friends; commenting and liking their activity; inviting them to their rides; monitoring 
their progression; achieving a set of goals; trying to be better than other users through the use 
of rankings and leaderboards; receiving feedback on their progress and activities; and being 
awarded with virtual or real badges. 
When applying these gamified elements to senior cyclo-tourism, a set of endorsements 
were suggested to each experience stage:  
• Pre-experience: route recommendations, weather forecast, information about 
cycling equipment and bicycle rental shops;  
• In loco: route directions, performance monitoring, points achievements and 
rewards; and 
• Post-experience: motivational quotes and feedback, unlock resources, badges 
earnings, rankings and leaderboards. 
Overall, the goals established in the beginning of the research were accomplished and the 
conclusions from this study are in accordance with the research question, in which gamification 
can motivate senior citizens to cyclo-tourism by including elements that the target audience 
considered as triggers to the activity. 
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Limitations and Future Work 
A number of limitations of this research study should be considered. Firstly, as mentioned 
before, ‘Gamification and Senior Cyclo-tourism’ is an unexplored topic. However, this research 
is innovative and not a replication or adaptation from other similar studies. 
Secondly, a convenience sample was used, so attempts to generalize beyond these 
respondents are not warranted and results should be interpreted with caution. Considering that 
this study has an international dimension, getting a random sample of each country would be 
interesting but unfeasible in a short period. For that, the research would need to be extended 
in time. 
Thirdly, there may be some members’ bias in the results obtained, owing to the fact that the 
focus group participants were from the same institution. However, the researcher ensured that 
all participants expressed their individual and collective opinions and experiences with, for 
example, the use of cards. 
Regarding future work, further research needs to be carried out in motivation and the 
psychology field in order to deepen the understanding in gamification and motivation, while 
observing if the communication skills can affect anxiety and have an impact on behaviour change 
and frequency of cyclo-tourism. 
Recruiting a sample of senior citizens who are not motivated to cycling would be also an 
interesting challenge that could bring more viability and added value to the project, in 
comparison to the sample of this dissertation. Furthermore, this research does not sufficiently 
cover cyclo-tourism and the use of the bicycle in the Portuguese context in comparison with 
other countries. Given the international dimension of this research, the author did not get into 
detail in terms of the national initiatives that have been undertaken and compared with other 
countries. Further work would be needed in order to make such a comparison. 
A game narrative could be also a more interactive and efficient way to motivate senior 
citizens and different generations. During prototype design and development, mechanisms of 
Artificial Intelligence (AI) and Augmented Reality could also be considered in order to associate 
virtual avatars to a set of points of interest and local history or tourism. Another interesting 
feature for the ones who cannot go outside to ride a bicycle, due to physical limitations, fears 
(e.g. fear of riding in traffic areas) and/or environmental causes (i.e. bad weather), would be the 
possibility of exergaming Jizo.  
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Appendix  
On the enclosed CD-ROM, the interview protocol, the materials and presentations used in 
the focus group sessions, the participants’ answers, the eye-tracking data, the NVivo results and 
high-quality images of the prototype of the cyclo-tourism app Jizo are included. 
Any questions feel free to contact me (claudiaortet@ua.pt). 
Three directories are included in the root directory: 
• CV > Curriculum Vitae; 
• Materials > Interview protocol, materials and presentations, the participants’ 
answers, the eye-tracking data, the NVivo results, the app demo and high-quality 
images; 
• Scientific Articles > A copy of the articles or abstracts produced with this Master’s 
dissertation. 
 
